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ABSTRACT
The objectives of this research were to study the 
inheritance of homozygous variation from rice somaculture, 
to select rice somaclones for increased sheath blight 
resistance, and to determine the mode of inheritance of the 
resistance. To accomplish these objectives it was necessary 
to improve somaculture techniques for rice suspension and 
protoplast culture especially for the American long-grain 
cultivars. A method for incorporation of the chemical 
mutagen, ethyl methane-sulfonate (EMS) , into the somaculture 
system was also developed to increase the frequency of 
somaclonal variation in tissue culture stable cultivars.
The inheritance of six homozygous variant 
characteristics from five somaclones was investigated. The 
white apiculus character was controlled by a single 
recessive gene. Inheritance of the purple apiculus 
character was controlled by a single dominant gene. 
Inheritance of the tall variant character from the mutated 
semi-dwarf cultivar Lemont was controlled by two 
complementary dominant genes. Inheritance of the short 
variant characteristic from the cultivar Labelle was 
controlled by quantitative genes. The genes responsible for 
the variant characteristics purple-red hulls and dwarfing in 
Lemont were not stable in the heterozygous F2 populations 
generated by crossing back to Lemont. The "disappearance" 
of these two characteristics in the segregating generations
may be caused by "gene conversion" during meiosis. The 
possibility that mitotic recombination might be a cause of 
homozygous somaclonal variation was studied. Mo mitotic 
recombination was observed from 1 , 1 0 0  plants regenerated 
from progeny from crosses among three genetic marker 
lines.
Two long-grain somaclonal lines resistant to sheath 
blight were selected from the Labelle cultivar. The 
resistance of SC86-20001-5 was controlled by a recessive 
gene. The resistance of SC86-20001-33 was controlled by two 
independently inherited recessive genes.
A successful suspension culture system was established 
for both indica and japonic cultivars. By utilizing these 
suspension systems, an efficient system was developed for 
plant regeneration from rice protoplasts of the Q.S. long- 
grain cultivar Labelle and the japonica cultivar Taipei 309.
By incorporating EMS into callus induction medium at 
the appropriate concentrations, the inhibitory effect of EMS 
on plant regeneration was minimized and somaclonal variation 
frequencies were significantly increased.
xxii
Chapter 1
INHERITANCE OF SOMACLONAL VARIATION IN RICE
Chapter Summary 
The objective of this research was to study the mode- 
of-inheritance of homozygous somaclonal variants found in 
somaclones regenerated from the United States long-grain 
cultivars Labelle and Lemont. The inheritance of six 
characteristics from five homozygous somaclonal variants 
was studied. Among the six variant characteristics 
investigated, the inheritance of three characteristics was 
controlled by major gene(s) which were stable in the 
heterozygous condition. The inheritance of white apiculus 
from Labelle somaclone SC86-20599 was controlled by a 
single recessive gene. The inheritance of the purple 
apiculus character from Lemont somaclone SC86-20973 was 
controlled by a single dominant gene. The inheritance of 
the "tall" character from Lemont somaclone SC86-20971 was 
controlled by two complementary dominant genes. One 
characteristic, a short plant type from Labelle somaclone 
SC86-20002, was controlled by quantitative genes. The 
inheritance of the other two characteristics was 
complicated. The purple-red hull character from Lemont 
somaclone SC86-20973 appeared to be controlled by two or 
three complementary dominant genes. The dwarf character 
from Lemont somaclone SC86-21095 appeared to be controlled 
by one or two recessive genes. The mutated genes
1
responsible for the two characteristics were not stable in 
the heterozygous condition when the somaclones were
backcrossed to Lemont. The "disappearance" of these two 
characteristics in the segregating generations might be 
caused by "gene conversion" during meiosis.
INTRODUCTION
Rice somaculture systems have been successfully 
developed (2, 3, 5, 6 , 7, 15, 16, 17, 21, 22, 23, 24, 29, 
30, 34, 36). Many genetic variations, including some
important agronomic characteristics such as resistance to 
rice sheath blight, and high yield potential have been 
generated through rice somaculture (1, 4, 6 , 7, 13, 19,
25, 27, 28, 31, 32, 33, 35). Two types of variation; that 
is, heterozygous and homozygous variants, have been
observed from rice somaclones (6 , 7, 28, 32, 33) and from 
somaclones of lettuce (12) and tomato (14). So far 
inheritance of heterozygous variation has been controlled 
by one or a few major genes (6 , 7, 13, 31, 33) . The
inheritance of homozygous variants, however, is not clear. 
Two genetic studies have been conducted on the inheritance 
of homozygous variants in rice. One was on the 
inheritance of a homozygous dwarf somaclonal variant by 
Oono (28), and the other on the inheritance of a 
homozygous tall somaclonal variant by Nowick et al. (26). 
Their research showed that the mutated characteristics 
disappeared when the somaclones were crossed back to the
3parent cultivars or normal-type somaclones and there were 
no F2 plants with the characteristics of the variants. 
However, the variations were highly heritable from 
generation to generation by selfing. There is no 
satisfactory explanation for this phenomenon and it will 
be difficult for breeders to use these kinds of variants 
efficiently until the inheritance of this type of 
variation is known.
Our research was focused on the stssdy of the 
inheritance of homozygous somaclonal variation in rice 
developed through our laboratory. Five different 
homozygous somaclonal variants from somaclones, 
regenerated from the American long-grain cultivars Labelle 
and Lemont, were used in this research. All variants 
possessed mutated characteristics easily distinguishable 
from their parent cultivars. The objective of this 
research was to develop a better understanding of the 
inheritance of homozygous somaclonal variation in rice.
MATERIALS AND METHODS
Starting in 1986, thirty somaclonal lines, previously 
selected from somaclones regenerated from long-grain 
cultivars, with non-segregating variation identified in 
the R 2 generation were planted at the LSU Rice Research 
Station at Crowley, LA. Thirty panicle rows, from each 
somaclone were planted each year through the R 5 generation 
for observing the stability of the mutated characteristics
following selfing. Five somaclones were selected to 
backcross to their parent cultivars (Table 1).
In 1987, reciprocal crosses were made in the field 
during the summer and in the greenhouse during the winter 
of 1987. Some of the plants were planted in the
greenhouse during the winter of 1987 to produce seed for 
the F2 generation.
In 1988, seeds from the parents, F^s, and F2s from 
all the crosses were space-planted in 5-foot single row 
plots with a 10 inch spacing between rows at the LSU Rice 
Research Station; Crowley, LA.. There were about eight 
plants in each row. The number of plots for each cross was 
based on the availability of seeds. After planting, the 
plot area was flooded and then drained (flushed) to 
germinate the seeds. The plot area was then flushed as 
needed to maintain seedling growth. Plots were fertilized 
with 600 lb/A of 20-10-10 (N, P205, K20) fertilizer and
treated with 3 lb ai/A propanil just prior to applying the 
permanent flood (4-leaf stage). This plot management 
procedure was used for all of the field experiments.
In 1989, additional F2 plants from reciprocal crosses 
made between the SC 86-20002 and SC 86-20971 somaclones 
and their parent cultivars were planted in the field in 
the same manner as described above. The parent cultivar 
Lemont and F2 plants from the reciprocal crosses of SC 8 6 - 
21095 X Lemont were planted in a randomized complete block 
design with three replications for each population. From
each reciprocal cross of SC 86-20973 X Lemont, 10 F3 lines 
derived from F2 purple-red hulled (PRH) plants were 
planted in populations with from 100 to 300 plants for 
each line. From each cross, an additional 35 F3 lines from 
the F2 PRH plants were planted in populations with about 
40 plants for each line and twenty F3 lines derived from 
F2 green hulled (GH) plants were planted. Data were taken 
on a single plant basis. From each cross of SC 86-20599 X 
Labelle, 30 F3 lines from F2 purple apiculus plants and 10 
F3 lines from F2 plants with white apiculi were planted. 
From each cross of SC 86-20971 X Lemont, 60 F3 lines from 
tall F2 plants and 20 lines from short F2 plants were 
planted. The number of lines showing segregation was 
recorded.
In 1990, more than 300 F3 lines from each cross of SC 
86-21095 X Lemont, and 170 Lemont rows were planted in the 
field in a randomized complete block design with three 
replications for each population. Heights of
representative plants were measured in each line which did 
not segregate at maturity. The height of each plant was 
measured in lines showing segregation.
RESULTS AND DISCUSSION
All of the selfed homozygous variants investigated 
were stably inherited through five generations with no 
segregation observed for any of the characteristics.
1. Inheritance of homozygous apiculus and hull color
variations:
The inheritance of two apiculus color variations was 
investigated in this experiment. One was the white 
apiculus variant from Labelle, and the other was the 
purple apiculus and purple-red hull combination variant 
from Lemont.
(1) Inheritance of the white apiculus character:
In the reciprocal crosses of Labelle X SC 86-20599, 
the plants of both F^s had the purple apiculus of Labelle 
and the segregation of purple and white apiculus in both 
F2 S could be fitted into a 3:1 ratio (Figure 1). This 
suggested that a single recessive gene was controlling 
inheritance of the white apiculus character. In the F3 
generation, all the lines derived from F2 plants with 
white apiculus had only florets with white apiculi. Among 
the F3 lines derived from F2 plants with florets with 
purple apiculi, about one third of the lines had florets 
with only purple apiculi. About two-thirds of the lines 
showed segregation for the apiculus color (Figure 2). This 
further confirmed that the inheritance of the white 
apiculus character was controlled by a single recessive 
gene.
(2) Inheritance of the purple apiculus and purple-red 
hull characters:
The F;l plants from both reciprocal crosses of Lemont 
X SC 86-20973 had the same characteristics as the 
somaclonal line SC 86-20973 (Figure 3); i.e., the mutated
7characteristics of purple apiculus and PRH were dominant 
characteristics. In the F2 generation, the segregation 
ratio of purple to pink apiculus was about 3 to 1 for both 
crosses, which suggested that a single dominant gene was 
involved in the control of the purple apiculus character. 
The PRH florets only appeared where plants had a purple 
apiculus (Figure 3) . The segregation of PRH to GH among 
plants with purple apiculi barely fitted an 81 to 175 
ratio, which suggested that four additional complementary 
dominant genes were involved in controlling the expression 
of the PRH characteristic. In the F3 generation, plants 
from about one third of the F2 lines with purple apiculi 
also had purple apiculi. About two-thirds of the lines 
showed segregation for apiculus color, and all of the F3 
plants derived from F2 plants with pink apiculi had 
florets with pink apiculi (Figure 4). This confirmed that 
the purple apiculus variant character was controlled by a 
single dominant gene. Based on the assumption from the F2 
data that there were five pairs of complementary dominant 
genes involved in controlling the PRH characteristic, the 
ratio of expected genotypes of F2 PRH plants were as 
listed in Table 2. If the assumption were true, only one 
out of 243 F3 lines derived from F2 PRH plants should have 
a uniformly PRH progeny. Most F3 lines derived from F2 
plants with PRH, should have a higher proportion of PRH 
plants to GH plants when compared to the F2 s. However, 
the actual F3 data did not support the assumption. Among
the twenty F3 lines which had relatively large populations
from both crosses, four lines did not show any
segregation, two lines were uniformly PRH, and two lines 
were uniformly GH. The proportion of PRH plants to GH 
plants was much lower in most lines when compared to the 
F2 populations (Figure 5) . Among the additional 64 F3
lines derived from PRH F2 plants, 35 lines did! not show 
any segregation, eight lines were uniformly PRH, and 27 
lines were uniformly GH. Only a few lines had the
proportion of PRH plants larger than that of the F2 
populations (Table 3) . The results suggested that fewer 
pairs of dominant genes than expected were involved in 
controlling inheritance of the characteristic and genes 
responsible for the PRH character were lost during the 
process of reproduction.
2. Inheritance of homozygous plant height variations:
Two homozygous somaclonal variants for plant height 
were used in this experiment. One was the tall somaclonal 
variant SC86-20971 from Lemont, and the other was the 
short somaclonal variant SC86-20002 from Labelle.
(1) Inheritance of the tall variant character:
In the reciprocal crosses, the F^ plants were as tall 
as the somaclone, indicating that the tall characteristic 
was dominant. Bimodal distributions for plant height were 
observed in both F2 populations (Table 4), indicating 
major genes were involved in controlling the 
characteristic. Plants were divided into two groups based
on the distributions of the F2 populations and plants of 
both parents. Plants shorter than 95 cm were considered 
to be semi-dwarf plants like those of the Lemont cultivar. 
Plants taller than 95 cm were considered to be tall plants 
like the somaclone. According to 2 years of data, the 
segregation of tall and semi-dwarf plants in F2 
populations could fit a 9 : 7 ratio for both crosses
(Figure 6 ). The results indicated that two pairs of 
complementary dominant genes were involved in controlling 
inheritance of the tall characteristic. The F3 lines 
derived from short F2 plants all were semi-dwarf. About 
one-ninth of the F3 lines derived from tall F2 plants had 
all tall plants. The rest of lines showed segregation for 
plant height (Figure 7) . The F3 data were in accordance 
with the assumption that the tall characteristic was 
controlled by two pairs of complementary dominant genes.
(2) Inheritance of the short variant character:
The heights of F^ plants from the reciprocal crosses 
were close to those of Labelle (Table 5), indicating that 
the short characteristic was recessive. Single modal 
distributions were observed from the F2 populations of the 
reciprocal crosses in 2 years of testing (Tables 5 and 6 ). 
The modes of the F2 populations were close to those of 
Labelle. Based on these data this characteristic is 
controlled polygenetically with the genes for short plant 
type being expressed as recessive.
3. Inheritance of the homozygous dwarf variation:
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The inheritance of the homozygous dwarf variant from 
Lemont somaclone SC86-21095 was investigated in this 
experiment. The plant heights of F]_ plants from the 
reciprocal crosses were about the same as Lemont (Table 
7), indicating that dwarfing was a recessive character. In 
the 1988 field tests (Table 7) , there were only a few 
plants from both F2 populations having the plant height 
slightly outside the distribution range of Lemont, which 
had a much smaller population than those of the F2 s. There 
were only 16 plants in both F2 populations with heights 
that fit their range of SC 86-21095. The gene(s) 
responsible for the dwarf characteristic were not 
expressed in the heterozygous condition. Additional F2 and 
Lemont plants were planted in 1989. The same results were 
observed; i.e. , none of the plants from either F2 
population had plant heights outside the distribution 
range of Lemont (Table 8 ). However, there were still some 
differences in plant height distribution between Lemont 
and the two F2 populations. The modes of the F2 
populations were different from that of Lemont. The modes 
(75 cm) from both F2 populations were smaller than that 
(80 cm) of the Lemont population (Table 8 ) . Also the 
average plant heights of the two F2 populations were 
shorter than that of the Lemont population, although only 
the mean of one F2 population was statistically 
significantly shorter than that of Lemont (Table 9) . 
Third, the variances of both F2 populations on plant
height were larger than that of the Lemont population. 
These differences suggest that the gene(s) responsible for 
the dwarf characteristic did not simply vanish, and some 
gene effects could still be detected in the F2 
populations. Based on the F2 data alone, it would be 
difficult to say for certain that the few plants with 
heights close to SC 86-21095 (Tables 7 and 8 ) had the 
gene(s) responsible for the dwarf characteristic. About 
700 F3 lines from both crosses were planted in the field 
in 1990. The distribution of plant height for these lines 
are listed in Table 10. No differences were observed in 
the distribution for plant height between Lemont and the 
F3 lines from both crosses. No lines had a plant height 
similar to the dwarf parent. This confirmed that there 
were no plants in the F2 population with a plant height of 
the dwarf parent. The mean plant heights of the F3 lines 
and Lemont did not differ significantly (Table 11) . The 
Lemont plants still were slightly taller than the F3 s, and 
the standard deviations of both F3 S were significantly 
larger than that of Lemont. However, one F3 line did show 
segregation in plant height (Table 12). One plant from the 
F3 line SC90—30675 had a plant height of 52 cm, which was 
different from those of the other plants in the line and 
close to the 48.7 cm mean of the dwarf somaclone (Table 
13). This indicated that the dwarf characteristic had not 
simply disappeared, and the gene responsible for the dwarf 
characteristic was heritable in the heterozygous
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condition, even though the chances of recovering the dwarf 
phenotype was greatly reduced compared to the selfed 
plants.
According to previous reports, different numbers of 
major genes were involved in controlling the inheritance 
of rice hull color (9, 10, 11) . The reported F2
segregation ratios of purple to green were as follows: 
9:7, two complementary genes (11) , 9:55, two complementary 
genes and one inhibitor gene (9), and 405:619, five genes, 
three complementary genes with any one or both of the 
remaining two complementary-duplicate genes (10). Based on 
the results from this experiment and previous reports, it 
was reasonable to assume that the inheritance of PRH from 
the variant Lemont somaclone was controlled by 
complementary dominant genes. However, the genes
responsible for this characteristic were not stable in the 
heterozygous condition. Oono (28) first reported that the 
dwarf characteristic from a dwarf homozygous somaclonal 
variant disappeared in the F2 and F3 generations when the 
somaclone was crossed back to the parent cultivar. Nowick 
et al. (26) also observed the same phenomenon. If the 
gene(s) responsible for important characteristics are not 
heritable in crosses, they would have little value in a 
breeding program. The character could be maintained in 
the selfed line, but not transferred through crosses. If 
the mutated characteristics completely disappeared in the 
offspring of the crosses as cited above, it would be very
difficult to explain the phenomenon. However, the dominant 
nature of the PRH characteristic used in our experiment 
provided an opportunity to develop a better understanding 
of the behavior of apparently unstable homozygous variant 
genes derived from somaclones. The expression of the genes 
responsible for the PRH characteristic was not hindered in 
the heterozygous condition since all the plants from 
both reciprocal crosses had the characteristic. The number 
of homozygous F 3 PRH lines indicated that only one, or at 
most two, pairs of genes along with the gene for purple 
apiculus, were responsible for the PRH character. The 
decrease in the number of plants with PRH in the F2 and F3 
generations and the appearance of F3 homozygous GH lines 
from the PRH F2 plants clearly showed that "gene 
conversion" occurred during meiosis. Since all of the F3 
plants had the PRH character, "gene conversion" did not 
occur in the F^ generation. The only difference in the 
reproductive process in deriving the F^ and F2 plants was 
that the meiotic divisions responsible for production of 
gametes to produce F^ plants occurred in homozygous plants 
while the meiotic divisions responsible for producing 
gametes for production of the F2 plants occurred in 
heterozygous plants. According to the modern theory of 
chromosome recombination during meiosis, the recombination 
of homologous duplex DNA involves heteroduplex DNA. During 
the heteroduplex DNA stage, the DNA might be modified by 
the repair system of the plant to restore complementarity
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of the DNA molecule if there were mispaired bases in the 
heteroduplex DNA. These events will change the strand of 
DNA representing one allele into the sequence of the other 
allele; i.e., one gene is converted into the other gene 
(8 ). In the case of the homozygous PRH somaclonal variant, 
it might be assumed that the mutated genes, which were 
responsible for the purple-red color, had sequences that 
were not exactly homologous to the cultivar or to DNA 
molecules in normal GH rices. When heteroduplex DNA was 
produced during meiosis, the mispaired bases belonging to 
the mutated DNA strands were preferentially excised and 
replaced based on the sequence of the normal gene. In a 
heterozygote, the genes responsible for the PRH character 
were converted to the normal type ones whenever crossing- 
over occurred during meiosis, giving an aberrant 
segregation ratio. While in a homozygote, no heteroduplex 
DNA would be produced, and the genes were stable, giving 
progeny with PRH florets from generation to generation 
through selfing. This type of variant, even though not 
stable in a heterozygous condition, would still be useful 
in a breeding program as not all of the genes would be 
converted to the normal type in any generation. If they 
became homozygous, they would be stable thereafter. 
However, the frequency for obtaining the mutated gene in a 
homozygous condition would be low.
The failure to inherit the dwarf character from 
Lemont somaclone SC86-21095 after crossing appeared to be
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as previously reported by Oono (28) and Nowick et al. (26) 
for homozygous somaclonal variants; i.e., no plants with 
typical characteristics of the variant were observed in F2 
generations. However, one F3 line did show segregation for 
plant height. This clearly showed that the dwarf 
characteristic did not simply disappear and that the 
gene(s) responsible for the dwarf characteristic was 
heritable even under heterozygous conditions. The low 
frequency of segregation of dwarf plants in the 
segregating generations might be caused by one of the 
following factors; (1) A few major genes with duplicate
gene action were involved. If this assumption were true; 
that is, the wild type genes were dominant with duplicate 
gene action, a very large F2 population would be required 
to segregate plants with the characteristic of the 
variant. For example, if five pairs of genes were 
involved, only one plant out of about 1 0 0 0  plants in the 
F2 generation would show the dwarf characteristic. The 
sizes of the F2 populations in both Oono's and Nowick’s 
experiments were relatively small and the sizes of F2 
populations in our experiment were still not large enough 
to prove this assumption. If this assumption is true a 
large portion of the F2 plants would only have one or two 
heterozygous dominant genes. Those plants would segregate 
tall and dwarf plants in either a 3:1 ratio or 15:l ratio. 
However, only one out of more than seven hundred F3 lines 
showed segregation. This could only happen if many major
genes with duplicated gene action were involved. The 
chances for so many major genes to mutate at the same time 
in both loci would be extremely small even for somaclonal 
variation. (2) Gene conversion may have been involved if 
the dwarf characteristic was controlled by a few pairs of 
recessive genes and the wild type genes had a duplicate 
gene action: "gene conversion", as mentioned above, plus
the duplicate gene action would produce an F2 population 
of the type that we observed in this experiment. Although 
the F3 lines could have shown segregation due to the 
presence of F2 plants with only one dominant gene, the 
effect of 'gene conversion' would certainly decrease the 
frequency of the lines showing segregation.
Based on our data, the inheritance of short plant 
type from Labelle somaclone SC86-20002 was controlled 
polygenically. However, the same problem occurs here. How 
could so many mutations occur in both alleles at the same 
time? The distributions of the F2 populations were 
different from those of the parents and single mode 
distributions were observed, which indicated that a 
polygene system was involved in the control of the short 
characteristic. However, there were some phenomena not 
commonly observed in the distribution of F2 populations 
with polygenically controlled characteristic. The 
distribution range of the F2 populations did not cover the 
whole distribution range of the short variant. Also, only 
a few plants in the F2 populations had the plant height
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characteristic of the short variant, and almost all of 
them had a plant height in the upper range of the height 
distribution of the variant. This suggests that the single 
mode distributions observed in this experiment might 
belong to the same category of aberrant segregation caused 
by "gene conversion".
Since the disappearance of certain characteristics 
from offspring produced by crossing a homozygous 
somaclonal variant with a wild type plant was not a rare 
event, “gene conversion" might play a significant role in 
causing this type of variation. This suggests that 
changes in DNA sequence caused by somaculture are probably 
larger than those caused by other mutagens when only non- 
lethal variation is considered.
Table 1. Characteristics of the five somaclones 
selected for inheritance studies.
Somaclonal lines Variation Parent cultivar
SC 86-20002 
SC 86-20599 
SC 86-20971 
SC 86-20973
SC 86-21095
Short (70cm) 
White apiculus 
Tall (115cm) 
Purple apiculus 
and purple-red 
hull
Dwarf (55cm)
Labelle (105cm) 
Labelle 
Lemont (85cm) 
Lemont
Lemont (85cm)
Table 2. Expected frequencies of different genotypes of 
the F2 plants with purple-red hulls and the segregation 
ratio of their offspring if the characteristic was 
controlled by five complementary dominant genes.
Genotypes of F3 segregation
F2 's with Frequency purple-red
irple-red hulls^/ (No. of plants) hulls : green hulls
5 AA & 0 Aa 1 purple
4 AA & 1 Aa 1 0 3 : 1
3 AA & 2 Aa 40 9 : 7
2 AA & 3 Aa 80 27 : 37
1 AA & 4 Aa 80 81 : 175
0 AA & 5 Aa 32 243 : 781
Total 243
where "A" represents the dominant gene and "a" 
represents the recessive gene.
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Table 3. Segregation ratio for hull color in additional F3 
lines derived from purple-red hull plants in the F2 
population.
% of plants with Number of lines
purple-red hulls Lemont X SC86-20973 SC86-20973 X Lemont
1 0 0 3 5
80 - 1 0 0 1 0
60 - 80 3 1
40 - 60 1 2
20 - 40 1 3
1 - 2 0 8 8
0 15 1 2
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Table 4. Distribution of plant heights in the F2 
populations from the reciprocal crosses of the semi-dwarf 
cultivar Lemont and the tall somaclone SC 86-20971.
Parent Plant height Number
or (cm) of
cross 70 75 80 85 90 95 100 105 110 115 1 2 0 125 130 plants
Pla/ 6 2 0 28 2 2 7 83
P2b/ 6 13 15 17 7 3 1 62
P1XP2 1 3 18 28 65 53 60 102 46 19 4 1 400
P2XP1 3 2 1 36 84 34 60 112 30 17 3 400
a/ PI = Lemont. 
b/ P2 = SC 86-20971.
Table 5. Distribution of plant heights in and F2
populations from the reciprocal crosses of Labelle X SC 
86-20002, a short somaclonal variant from Labelle, in 1988 
field tests conducted at the LSU Rice Research Station at 
Crowley, LA.
Parent Plant height Number
or (cm) of plants
cross 55 60 65 70 75 80 85 90 95 100 105 1 1 0 115 1 2 0
Pla/ 3 10 2 0 8 9 50
P2b/ 4 4 16 5 6 35
PI X P2 Fl 4 6  12 6 1 29
P2 X PI Fl 2 3 1 3 5 1 14
PI X P2
(F2) 1 0 0 1 3 4 4 10 23 28 33 18 1 0 1 136
P2 X PI
(F2) 1 3 4 14 13 14 12 1 62
a/ PI = Labelle. 
b/ P2 = SC 86-20002.
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Table 6 . Distribution of plant heights in F2 populations 
from the reciprocal crosses of Labelle X SC 86-20002, a 
short somaclonal variant from Labelle, in 1989 field tests 
conducted at the LSU Rice Research Station at Crowley, LA.
Parent Plant height Number
or (cm) of plants
cross 55 60 65 70 75 80 85 90 95 100 105 110 115 >120
Pla/ 1 7  7 19 2 1 11 4 70
P2b/ 4 1 2 2 0 2 2 26 7 90
PI X P2 4 8 25 50 109 98 74 27 3 2 400
P2 X PI 3 3 14 40 6 8  99 72 58 37 8 400
a/ PI = Labelle. 
b/ P2 = SC 86-20002.
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Table 7. Distribution of plant heights in and F 2
populations from the reciprocal crosses of Lemont X SC 8 6 - 
21095, a dwarf somaclonal variant from Lemont, in 1988 
field tests conducted at the LSU Rice Research Station at 
Crowley, LA.
Parent Plant height Number
or (cm) of
cross 40 45 50 55 60 65 70 75 80 85 90 95 plants
Pla/ 5 13 26 32 14 9 1 1 0 0
P2b/ 1 13 50 33 3 1 0 0
PI X P2 Fx 9 1 2 1 2 2
P2 X PI Fx 2  1 1 5 1 19
PI X P2 F2 1 0 33 82 128 162 93 4 2 514
P2 X PI F2 6 23 60 87 107 80 26 1 390
a/ PI = Lemont. 
b/ P2 = SC 86-21095.
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Table 8 . Distribution of plant heights in F2 populations 
from the reciprocal crosses of the semi-dwarf cultivar 
Lemont x SC 86-21095, a dwarf somaclonal variant from 
Lemont, in 1989 field tests conducted at the LSU Rice 
Research Station at Crowley, LA.
Parent Plant height Number
or (cm) of
cross 40 45 50 55 60 65 70 75 80 85 90 95 plants
P2_a/ 1 5 17 104 243 126 14 510
p2 b/ 3 14 40 2 0 9 8 6
P I X P2 3 15 103 156 124 2 2 6 429
P2 X PI 1 9 50 141 117 54 6 2 380
a/ PI = Lemont.
V  E2 = SC 86-21095.
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Table 9. Comparison of plant heights among plants of the 
semi-dwarf cultivar Lemont and F2 plant populations from 
the reciprocal crosses of Lemont and the dwarf somaclone 
SC 86-21095.
Parent or 
Crosses
Mean Height 
of Plant 
Populations (cm)
Variance
(S2)
Lemont 
SC 86-21095
81.7a 18.3
X Lemont 78.9ab 26.1
Lemont X
SC 86-21095 77.5b 27.1
LSDO.OS 3.7
SC 86-21095 48.7
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Table 10. Distribution of plant heights in F3 lines from 
the reciprocal crosses of the semi-dwarf cultivar Lemont X 
SC 86-21095, a dwarf somaclonal variant from Lemont, in 
1990 field tests conducted at the LSU Rice Research 
Station at Crowley, LA.
Parent Plant Height (cm) Number of F3
or cross 75 80 85 90 95 100 lines or
cultivar plants
Lemont 1 9 85 70 5 0 170
Lemont X
SC 86-21095 3 69 161 135 22 1 391
SC 86-21095
X Lemont 0 83 158 90 7 2 340
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Table 11. Comparison of mean plant heights among plants of 
the semi-dwarf cultivar Lemont and F3 lines from the 
reciprocal crosses of Lemont and SC 86-21095, a dwarf 
somaclone from Lemont.
Parent or Mean plant height Variance
crosses (cm) (S2)
Lemont 89.2 10.4
Lemont X
SC 86-21095 F3 lines 88.5 16.9
SC 86-21095
X Lemont F3 lines 87.5 14.1
XjSDq 03 2 . 01
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Table 12. Segregation for plant height within F3 lines 
from the reciprocal crosses of the semi-dwarf cultivar 
Lemont X SC 86-21095, a dwarf somaclonal variant from 
Lemont, in field tests conducted in 1990 at the LSU 
Rice Research Station at Crowley, LA.
_________ Number of lines_______
Parent or Without With Total
cross segregation segregation
Lemont (rows) 170 0 170
Lemont X
SC 86-21095 390 1 391
SC 86-21095
X Lemont 340 0 340
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Table 13. Distribution of heights of F3 plants in line 
90-30675 from the cross Lemont X SC 86-21095 compared 
with Lemont plant heights from the same test.
Parent
cultivar Plant height (cm)
or line 50 55 60 65 70 75 80 85 90 95
Lemont
90-30675 1
1 9 85 70 5
3 5 1
Labelle X SC 86-20599 SC 86-20599 X Labelle
Purple White 
Apiculus Apiculus
I
White Purple
Apiculus Apiculus
*1
Purple
Apiculus
I
*1
Purple
Apiculus
F2 . 
Purple White 
Apiculi Apiculi
Purple White 
Apiculi Apiculi
Obs. 91 33 272 97
Exp. 93 31 276.8 92
Ratio 3 : 1 3 : 1
X2 0.172 0.326
P 0.5-0.75 0.50-0.75
Figure l. Segregation for apiculus color in F2 populations 
from reciprocal crosses between Labelle and SC 86-20599, a 
somaclonal variant with white apiculus.
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Labelle X SC 86-20599 SC 86-20599 X Labelle
Purple
Apiculus
White
Apiculus
F2 Selections
Apiculus
Purple
Apiculus
White
Apiculus
White Purple
Apiculus Apiculus
F2 Selections
Purple White
Apiculus
f3 F3 f 3 *3
Purple Seg. White Purple Seg. White
Obs. 12 18 10 19 41 10
Exp. 10 20 10 20 40 10
Ratio 1 : 2 1 : 2
X2 0.6 0.08
P 0.50-0. 75 0.75-0.90
Figure 2. Segregation for apiculus color in F3 lines from 
reciprocal crosses between Labelle and SC 86-20599.
Lemont SC 86-20973 SC 86-20973 Lemont
Pink apiculus Purple-red 
& green hull hull & purple
apiculus
hull
Purple-red 
hull & purple 
apiculus
Pink 
apiculus & 
green
F1 F1
Purple-red hull Purple-red hull
& Purple apiculus & Purple apiculus
F2 Apiculus Color
Purple Pink
Obs. 133 51
Exp. 138 46
Ratio 3 : 1
X2 0.725
P 0.25-0.50
F2 Apiculus Color
Purple Pink
166 57
166.5 55.5
3 : 1
0.054 
0.75-0.90
1_________
F2 Hull Color
Purple Green 
-red
Obs. 37 96
Exp. 42 91
Ratio 81 : 175
X2 0.87
P 0.25-0.50
l_________
F2 Hull Color
Purple Green 
-red
42 123
52.2 112.8
81 : 175
2.90 
0.05-0.10
Figure 3. Segregation for apiculus and hull color in F2 
populations from reciprocal crosses between Lemont and SC 
86-20973, a somaclonal variant with purple apiculi and 
purple-red hulls.
Lemont X SC 86-20973 SC 86-20973 X Lemont
Fa Selections F2 Selections
Purple
Apiculi
|
Pink
Apiculi
I
Purple
Apiculi
I
Pink
Apicul:
I1
F3
1
f3
1
*3
1
* 3
Purple Seg. Pink Purple Seg. Pink
Obs. 10 17 10 19 30 10
Exp. 9 18 10 16.3 32.7 10
Ratio 1 : 2 1 : 2
X2 0.17 0.67
P 0.50-0.75 0.25-0.50
Figure 4. Segregation for apiculus color in F3 lines from 
reciprocal crosses between Lemont and SC 86-20973.
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Lemont 
Green hull
X SC 86-20973 
Purple-red 
hull
SC 86-20973 
Purple-red 
hull
X Lemont 
Green hull
F2 Selections F2 Selections
Purple-red
1
Green
I
Purple-
1
red
f3
1
f 3
1
f 3
Pan.
Line Purple Green Green Purple Green
No. -red -red
1 156 88 200 0
2 102 94 208 0
3 21 142 45 206
4 7 176 27 139
5 6 106 21 109
6 5 267 20 140
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Figure 5. Segregation for hull color among the F3 lines 
from reciprocal crosses between the Lemont parent and the 
variant somaclone SC 86-20973.
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Figure 6. Segregation for plant height among the F2 plants 
in populations from reciprocal crosses between semi-dwarf 
cultivar Lemont and SC 86-20971, a tall somaclonal 
variant.
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Figure 7. Segregation in plant height among the F3 lines 
from reciprocal crosses between the semi-dwarf cultivar 
Lemont and the tall somaclonal variant SC 86-20971.
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Chapter 2
MITOTIC RECOMBINATION IS NOT THE CAUSE OP 
NON-SEGREGATING VARIATION IN RICE SOMACLONES
Chapter summary
Three genetic marker lines; 85-1138 with the two 
linked dominant genes An (awned) and G1 (pubescence); and 
83-1016 and 85-1092, both with the two recessive genes an 
(awnless) and ql (glabrous) , were used in this experiment 
for studying the possibility that mitotic recombination 
was the cause of homozygous somaclonal variation in rice. 
More than 1,100 plants regenerated from immature
panicles of plants from the crosses were evaluated in 
the greenhouse, and 160 R2 lines derived from the 
plants were evaluated in the field. No mitotic 
recombination occurred for the genes investigated in this 
experiment. However, a high somaclonal variation frequency 
(47.5%) for awnless was observed. The variation was not
due to the mutation of the dominant gene An. but was
apparently caused by the mutation of an inhibitor gene(s).
INTRODUCTION
A common phenomenon associated with rice somaclonal 
variation was that important variants; including disease 
resistance, yielding ability, plant type, etc., did not
show segregation in the second or R2 generation (1, 2, 14, 
20, 21). This could not be explained by classical genetic
43
theory. In a recent review, Larkin et al. (10) discussed 
several factors thought to be responsible for causing 
somaclonal variation. None of the factors could explain 
the production of non-segregating variation. Many reports 
concerned with variation in chromosome structure and 
number during somaculture have been published (3, 4, 5, 6, 
7, 9, 10, 11, 13, 17, 18,). None of the reported changes 
would satisfactorily explain the observed non-segregating 
variation. We theorized that another type of abnormal 
chromosome behavior that could cause this phenomenon 
during rice somaculture was mitotic recombination. Mitotic 
recombination was reported by Poethig (16) as occurring in 
tobacco leaves exposed to X-irradiation. There have been 
no reports of mitotic recombination in rice.
Another possibility was that spontaneous mutation 
occurred in both alleles. In that case, homozygous 
variants could occur. However, based on classical 
genetics, no matter how high the somaclonal variation 
frequency, the chances for both alleles to mutate at the 
same time is extremely small, unless the mutation of one 
allele would trigger the mutation of the second allele. 
The objective of this research was to investigate the 
possibility of the involvement of these factors during 
rice somaculture.
MATERIALS AND METHODS 
Three genetic marker lines, 83-1016, 85-1092 and 85-
45
1138, were used in this experiment. These lines were 
kindly provided by Dr. Elaine Nowick. The characteristics 
and genotypes of the lines are listed in Table 1. The 
genes responsible for the two characteristics belonged to 
rice linkage group 7 (8). Plants from the three lines were 
grown in the field in 1988 at the LSU Rice Research 
Station at Crowley, LA. Crosses were made among the lines 
during the summer. The female parents were lines 83-1016 
and line 85-1092. These lines had the recessive genes for 
awnless (an) and glabrous (ql) . The male parent, line 85- 
1138, had two dominant characteristics, awned (An) and 
pubescent (Gl) . The parent plants and plants derived 
from the crosses were planted in the greenhouse in the
4* • ••
spring of 1989. A set of F2 plants were also planted in 
the field at the Rice Research Station during the 1989 
growing season. The seeds were space planted in 5-foot 
rows with a 10-inch spacing between rows. The 
recombination frequency was calculated based on the 
percentage of the F2 plants with double recessive 
characteristics as follows:
Recombination frequency(R) = Recombined gametes/total
gametes 
= (1 - (P) 1/2X2) 
where
Number of plants with double recessive characteristics
P= --- - -----------------------------------------------------
Number of total F2 plants
Immature panicles (l - 5 cm long in the boot) were 
collected from plants and used as explant sources for 
somaculture. The somaculture procedures adopted in this 
experiment were described by Cao et al (1, 2) . Plants
regenerated from these procedures (R^ ) were transferred to 
a 1 sand:2 soil: 1 peat moss mix in pots in the greenhouse. 
The awned/awnless and pubescent/glabrous characteristics 
from each regenerated plant were recorded. In 1990, 120 R 2 
lines from 85-1138, 80 R2 lines from 83-1 ©IS, 110 R2 lines 
from F2 plants of the cross 83-1016 X 85-1138, and 50 R2 
lines from the F^ plants of the cross 85-1032 X 85-1138 
were planted in the field for observation of segregation 
of the two characteristics.
RESULTS AND DISCUSSION 
The segregation of awn or awnless and pubescence or 
glabrous in the F2 generations were evaluated. The results 
(Table 2) confirmed that each characteristic was 
controlled by only one pair of genes with awn and 
pubescence being dominant characteristics. The linkage 
relationship between the two pairs of genes was tested. If 
the two genes were inherited independently, the ratio of 
the four phenotypes occurring in the F2 generation should 
be in accordance with the expected ratio; i.e., 9:3:3:1 
(Table 3) . The results clearly confirmed that the two 
genes were linked in the same chromosome as the expected 
ratio was not obtained. The recombination frequency was
18.8% based on the number of F2 plants with double 
recessive characteristics. Based on this frequency, 
expected frequencies of different genotypes in the Fj 
population were calculated (Table 4) . The ratio of the 
different phenotypes in the F2 population was in 
accordance with the expected ratio (Table 5). This 
indicated that the recombination frequency calculated in 
this experiment was representative.
The frequencies of different phenotypes of %  plants 
from the parent lines and the F^s are listed in Table 6. 
There was no variation from the expected ratios of the two 
characteristics in 574 plants regenerated from two
parent lines. The phenotypes of the R2 plants are listed 
in Table 7. No segregation occurred in 200 R2 lines from 
both parent lines used in the cross 83-1016 X 85-1138. The 
stability of the two characteristics in somaclones from 
the parent lines minimized the possibility of confusing 
the identity of recombinant types in Rj^  plants regenerated 
from F^ plants from the cross.
The presence of the recombinants in R^ populations 
would provide important evidence as to whether or not 
mitotic recombination occurred during somaculture. All the 
F^ plants had the genotype AnanGlol. which would give a 
phenotype of awned and pubescence. All of the R^ plants, 
which were clones of the F^ plants, should have the same 
phenotype if no mitotic recomb inat ion occurred during 
culture. If mitotic recombination or somaclonal variation
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occurred during somaculture, all four phenotypes could be 
observed in the R-l population. If somaclonal variation 
occurred during somaculture, the phenotypes with either 
recessive characteristic would be predominant, and very 
few plants with the double recessive characteristics would 
be present. The effect of mitotic recombination, on the 
other hand, would be very complicated as it was not known 
where the loci of the two genes in the chromosome were 
located. Only if crossing over occurred between the locus 
of the gene of interest and the centromere, would the 
recombinant types occur. If both loci were located in the 
same arm of the chromosome and mitotic recombination did 
occur, all three variant phenotypes would occur. The 
plants with a homozygous recessive gene whose locus was 
far away from the centromere would be the most common 
type, plants with double recessive characteristics would 
be the second most common, and plants with the other 
recessive characteristic would be the least common or 
seldom occur.
In this experiment, about 1,100 plants
regenerated from plants were evaluated. All the plants 
were pubescent (Table 6) . This clearly indicated that 
mitotic recombination between the loci of gene G1 and the 
centromere did not occur during culture. There was 
significant variation in awn production. Nearly 50% of 
the somaclones from plants did not have awns (Table 6) . 
Based on R^ data only, it was difficult to tell whether
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this phenomenon was caused by mitotic recombination or by 
somaclonal variation. The high frequency suggested that 
somaclonal variation occurred, as there was no evidence of 
crossing over between the G1 locus and the centromere. 
Even in meiosis, the recombination frequency between the 
G1 locus and the An locus was only 18.8%. However, the 
question still remained whether somatic recombination 
could have accounted for some of the variation observed in 
the F;l somaclones. About 130 R2 lines derived from 
plants that did not have awns were evaluated in 1990. 
Segregation for awn production was observed in all the 
lines tested (Table 7), even though the parent plants did 
not have awns and awns were supposed to be the dominant 
character. The segregation of plants with awns in all the 
lines indicated that neither mutation nor mitotic 
recombination happened with the gene An. In this 
experiment, the female parent 83-1016 had the white hull 
characteristic, which was controlled by the dominant gene 
Wh located in linkage group 2. All R^ plants regenerated 
from the plants of 83-1016 X 85-1138 had the white hull 
character. No variation was observed. No mitotic 
recombination could have taken place between the Wh locus 
and the centromere. Based on this experiment, mitotic 
recombination is not a common event during rice 
somaculture.
The remaining question was whether simultaneous 
mutation could happen to both alleles. In this experiment,
at least for the awned characteristic, there was a high 
variation frequency in somaclones regenerated from 
plants. Segregation of plants with awns from an awnless 
parent was previously observed by both Misro (12) and 
Jodon (8) . They reported separately that a dominant 
inhibitor gene was responsible for this phenomenon. The 
segregation ratio of awn to awnless plants in their cases 
were 3s13. In this experiment, the ratio of awn to awnless 
plants from the awnless parents could not be fit into the 
3:13 model (Table 8). This suggested that either more than 
one inhibitor gene was involved, or "gene conversion" 
occurred. For a clear understanding of the inheritance of 
the inhibitor gene(s), more research is needed. Even at a 
variation frequency of nearly 50%, there was not a single 
plant from a large population (534 mutants) with both 
alleles mutated, since all R2 lines tested in the field 
showed segregation.
The question still remains as to how the homozygous 
variants were produced. The other possibility was that 
the mutation of one allele could induce the mutation of 
the other allele. However, from this research there was no 
direct evidence to support this hypothesis. In this 
experiment, the variation frequencies from somaclones 
regenerated from F^ (heterozygotes) were much higher than 
those of somaclones regenerated from parent lines 
(homozygotes), especially for the characteristic of awn 
production (Table 6) . However, the variation was
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apparently caused by the mutation of other gene(s), not 
the An gene. It was not due to the presence of an gene 
which induced the An gene to mutate to the an gene which 
was responsible for the appearance of awnless plants. 
Heterozygous germplasm did give higher somaclonal 
variation frequencies than homozygous germplasms in this 
experiment. However, direct evidence for one allele 
mutating into another allele due to the presence of the 
other allele is still lacking. Unfortunately, our 
understanding of the causes of rice somaclonal variation, 
is still like that described by Larkin et al. in their 
excellent review (10), "Although the preceding summary 
indicates a dramatic advance in our understanding of what 
is happening genetically in somaclonal variants, we are 
nevertheless just as ignorant of the causes of the genetic 
changes".
52
Table 1. Characteristics of the parent genetic marker 
lines used in the experiments.
Line Characteristic Genotype Linkage group
83-1016 Awnless, Glabrous an an, gl gl 7
White hull WhWh 2
85-1092 Awnless, Glabrous an an, gl gl 7
85-1138 Awned, Pubescent An An, Gl Gl 7
Table 2. Segregation of F2 plants for awns and pubescence 
following crosses of line 85-1138 with line 83-1016 and 
line 85-1092.
Awned Awnless Pubescent Glabrous
Observed
Expected
Ratio
X2
269 89
268.5 89.5
3 : 1
0.004 
> 0.9
258
268.5
3
100
89.5
1
1.64 
0.25 - 0.10
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Table 3. Test for the independent distribution of the two 
genes controlling awn production and pubescence.
Pubescent 
Awn Awnless
Glabrous 
Awn Awnless
Observed
Expected
Ratio
X2
P
22 8
2 0 1 . 4
9
30
6 7 . 1
3
41
67.1
3
59
2 2 . 4
1
9 4 . 0  
< 0 . 0 0 5
54
Table 4. Expected frequencies of different genotypes in 
the F2 population from the cross AnGl X anal.
FI Gamete AnGl Angl anGl angl
Frequency 0.406 0.094 0.094 0.406
AnGl AnAnGlGl AnAnGlgl AnanGlGl AnanGlgl
0.406 0.1648 0.0382 0.0382 0.1648
Angl AnAnGlgl AnAnglgl AnanGlgl Ananglgl
0.094 0.0382 0.009 0.009 0.0382
anGl AnanGlGl AnanGlgl ananGlGl ananGlgl
0.094 0.0382 0.009 0.009 0.0382
angl AnanGlgl Ananglgl ananGlgl ananglgl
0.406 0.1648 0.0382 0.0382 0.1648
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Table 5. Chi-square estimate of the goodness of fit of the 
segregation ratios of the different phenotypes in the F2 
population to the expected ratios from the cross AnGl X 
anal.
Genotype Phenotype Observed Expected
An— Gl—  Awned, pubescent 228
An— glgl Awned, Glabrous 41
ananGl—  Awnless, pubescent 30
ananglgl Awnless, glabrous 59
X2 = 3.97 P = 0.25 - 0.50
238.1
30.6
30.6 
59.0
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Table 6. Characteristics of the plants regenerated from 
the parent genetic marker lines and their Fj^ plants from 
crosses among the marker lines.
Parent line Number of Rj plants
or cross3/ Awned Awnless
85-1138 264 0
83-1016 0 310
83-1016
X 85-1138 378 417
85-1092
X 85-1138 213 117
Fewer than 100 plants were regenerated from parent 
line 85-1092 and all of these plants were awnless.
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Table 7. Segregation of R2 somaclonal lines for awn 
production.
Cultivar Awn characteristic Number of lines
or cross of R^ generation Awned Segregating Awnless
85-1138 Awned 1 2 0 0 0
85-1016 Awnless 0 0 80
83-1016 Awned 0 15 0
X 85-1138 Awnless 0 95 0
85-1092 Awned 0 5 0
X 85-1138 Awnless 0 45 0
Table 8 . Segregation of R 2 plants regenerated from 
plants for awn production.
Characteristic Observed Expected
of R^ plant Awned Awnless Awned Awnless X2 P
Awned 179 : 77 192: 64 (3:1) 3.52 0.10-0.05
Awnless 218 : 347 106:459 (3:13) 145.6 <0.005
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Chapter 3
SOMACLONAL VARIATION FOR SHEATH BLIGHT 
RESISTANCE IN RICE
Chapter Summary
Variation for resistance to rice sheath blight was 
observed in somaclones regenerated from the susceptible 
U.S. long-grain cultivar Labelle. Among 1,400 R2 
somaclonal lines inoculated and screened for sheath blight 
resistance, the line SC 86-20001 showed a high level of 
resistance and good agronomic characteristics when 
compared to the previously available resistant cultivars. 
The resistance was stable after 4 years of tests in the 
field and greenhouse. Panicle row selections from SC8 6 - 
2 0 0 0 1  showed variation in tiller-angle characteristics and 
in degree of resistance. The inheritance of sheath blight 
resistance in line SC 86-20001-5 was controlled by a 
single recessive gene. This panicle selection from SC8 6 - 
2 0 0 0 1  had upright tillering and a slightly higher disease 
level than panicle selection SC86-20001-33. Sheath blight 
resistance in 86-20001-33 was controlled by two 
independently inherited recessive genes. Selection among 
F3 lines derived from crosses of the two resistant 
somaclones with the cultivar Lemont gave breeding lines 
with high levels of sheath blight resistance, good plant 
type, and high yield potential.
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INTRODUCTION
Disease resistance provides one of the most 
attractive and historically useful approaches to 
suppressing plant disease. Unfortunately, two major 
problems have been encountered in breeding disease 
resistant cultivars. First is the difficulty in finding 
suitable sources of resistance. An example would be the 
difficulty in finding sources of resistance to rice sheath 
blight. The second problem is the loss of resistance, as 
with rice blast, caused by the development of new 
pathogenic races of the pathogen. However, recent
progress in the development of tissue culture techniques 
has provided the plant pathologist and breeder a novel 
approach to solve these problems.
Many research examples have demonstrated that genetic 
variation in disease resistance can be generated by 
subjecting cultivars or breeding lines to somatic cell 
culture. These variants can be used as new germplasm for 
disease resistance or, in rare cases, be released as new 
cultivars (5, 6 , 7, 8 , 9, 11, 14, 21, 22, 27, 28, 29, 33, 
36, 38, 39, 40, 44, 45) . Genetic variation produced in
tissue culture has a large advantage over variation from 
other sources; i.e., it is generated in vitro. Even in a 
single petri dish or flask, the millions of continuously 
dividing cells provide a population for selection much 
larger than the plant populations normally screened in 
conventional breeding programs. However, in vitro
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screening is applicable only if a screening procedure is 
available for a specific pathogen. Since Carlson (9) first 
demonstrated that disease resistance could be generated by 
tissue culture and selected by screening in vitro, plants 
resistant to certain pathogens have been regenerated and 
selected among a few plant species by using these 
techniques. Examples are maize plants with resistance to 
T-toxin (6 ), sugarcane plants with resistance to eyespot 
disease caused by Helminthosporium sacchari (22), and rice 
plants with resistance to the brown spot disease caused by 
Helminthosporium orvzae (27) . A review focused on 
selection for disease resistance in tissue culture was 
recently published by Daub (10). However, the application 
of in vitro screening techniques on a large scale has been 
limited somewhat by the lack of availability of specific 
toxins from pathogens. This has been considered a 
prerequisite for in vitro screening. Nevertheless, it has 
been demonstrated that unselected variation for disease 
resistance generated through somaculture is an excellent 
source of novel disease resistance, especially where 
sources of resistance are not readily available, even 
though the resistance has to be selected by conventional 
screening procedures.
Recently, rice somaculture systems have been 
successfully developed (2, 3, 4, 7, 8 , 15, 18, 24, 25, 30, 
49, 50) . Many genetic variations have been expressed in
plants regenerated from culture of somatic tissues (7, 8 ,
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27, 34, 35, 44) . Somaclonal variation observed in rice
include differences in morphological characteristics 
including color of apiculus, hull, leaf or sheath; awn 
production, and changes in pubescence of leaves. 
Variation has also been observed in physiological 
characteristics including tolerance to salt and to 
aluminum toxicity. Variation in important agronomic 
characteristics such as plant height, plant type, 
tillering ability, panicle shape, grain type and quality, 
grain weight, kernel numbers, sterility, days to heading, 
and yielding ability have also been observed. Somaclonal 
variation for resistance to major rice diseases, such as 
rice blast and sheath blight, and the rice brown spot 
disease have been observed and reported (7, 8 , 27).
Rice blast, caused by Pvricularia orvzae Cav., rice 
bacterial leaf blight, caused by Xanthomonas campestris 
pv. orvzae (Ishiyama 1922) Dowson, and rice sheath blight, 
caused by Rhizoctonia solani Kuhn, are the three most 
important nonviral rice diseases in the world. In the 
United States, especially in Louisiana, the major diseases 
of rice are sheath blight and blast. Recently, bacterial 
leaf blight was also observed in Texas and Louisiana. 
Most U.S. cultivars have resistance genes to the major 
races of orvzae. However, the potential of the
pathogen to produce new virulent races, or of a minor 
virulent race becoming prevalent with subsequent epidemics 
of blast, has been a continuing threat to rice production.
Hence, a continuous supply of new genes for resistance to 
rice blast has to be made available to the rice breeder. 
Recent research conducted in our laboratory with rice 
somaculture has shown that variation in resistance to rice 
blast can be generated through somaclonal variation (45). 
In 1986, among 2,000 somaclonal lines screened in the 
field, 93 lines showed variation for M a s t  resistance. 
Some of the lines were more susceptible than the parent 
cultivars, and some lines were significantly more 
resistant. Fifty somaclonal lines were evaluated by M. A. 
Marchetti in a blast nursery grown under controlled 
conditions. Four lines showed much higher blast 
resistance than their parent cultivars (8 , 44, 45). The 
inheritance of this resistance has yet to be investigated, 
but the observation of these changes in resistance suggest 
that in vitro screening for resistance to P^ . oryzae may be 
successful.
Rice sheath blight has been endemic for many years in 
the southern rice area of the U.S., and recently this 
disease has become a serious problem in rice cultivation 
in Louisiana, Arkansas, and Texas, especially on the U.S. 
long-grain cultivars (31). No commercial rice cultivar in 
the world is completely resistant to this disease. All of 
the U.S. long-grain cultivars, including Labelle and 
Lemont, are highly susceptible to sheath blight. The 
problem in breeding rice cultivars for resistance to 
sheath blight is the difficulty in finding suitable
66
sources of resistance. Only a few cultivars are highly 
resistant, but the inheritance of this resistance is 
complicated (37). In addition, the agronomic 
characteristics of these cultivars, for example Tetep and 
Taducan, are extremely poor. It is difficult to use these 
sources of resistance in the breeding program and expect 
to quickly develop resistant cultivars with good agronomic 
characteristics. In 1985, 700 rice somaclones were
inoculated with Rs_ solani and screened in the field for 
sheath blight resistance at the Louisiana State University 
Rice Research Station at Crowley, LA. Two somaclones frera 
Labelle showed a high level of resistance to sheath 
blight. The agronomic characteristics of these lines were, 
poor with the plants having characteristics described for 
polyploid or aneuploid plants (7). However, there is an 
urgent need for new long-grain rice cultivars with 
resistance to sheath blight. A new source of resistance 
with acceptable agronomic characteristics would be very 
valuable in breeding for sheath blight resistance. 'ESie 
objectives of this research were (1 ) to generate and 
identify somaclones that are highly resistant to sheath 
blight and have the characteristics of a typical U.S. 
long-grain cultivar, and (2 ) to study the inheritance of 
resistance from somaculture.
MATERIALS AND METHODS
1. Identification of resistant somaclones:
In 1986, 1,400 somaclonal lines (R2 generation}
regenerated from Labelle and Lemont were planted in the 
field at the LSU Rice Research Station, Crowley, LA., and 
screened for sheath blight resistance. Each line was 
planted in a 5-foot row with a 10-inch between row 
spacing. At the boot stage, half the plants in each line 
were inoculated with R^ . solani using 1 0  ml of inoculum 
consisting of Rj_ solani isolate No. LR 172 grown on a 
sterilized mixture of rice grain and rice hulls (2 :1 ). 
Lines were evaluated for sheath blight resistance at 
maturity. The somaclone SC 86-20001, regenerated from 
Labelle, was selected with sheath blight resistance and 
acceptable agronomic characteristics such as resistance to 
lodging, glabrous leaf, typical long-grain type and good 
plant type. This somaclone, and two other resistance 
somaclones selected by Dr. J . Cao, along with the parent 
cultivar Labelle, and the resistant cultivars Tetep and 
Taducan were inoculated with FL. solani and evaluated for 
sheath blight resistance in the greenhouse. The test in 
the greenhouse was carried out in cooperation with Dr. R. 
Massaquoi. The methods for the greenhouse test were 
described by Massaquoi (32) . Seeds from different 
genotypes were planted in 15 cm plastic pots containing 
steam-sterilized-soil consisting of a mixture of 2 :1 : 1  
soil, sand, and peat moss, respectively. The 18-day-old 
seedlings were transplanted in rows in galvanized flats 
measuring 51 X 36 X 10 cm. Rows were spaced 6 cm apart and
contained 12 plants in each row. The distance between the 
plants within the same row was 4 cm. Flats were placed on 
benches in the greenhouse. Temperature was maintained at 
about 30°C. Plants were inoculated 45 days after seeding. 
Before inoculation, plants were separated by placing a 4.0 
cm wide, longitudinally cut polyvinyl chloride pipe 
between each row. Wood frames were erected over the 
benches containing the flats and covered with transparent 
polyethylene sheets. The frame was kept covered for two 
weeks after inoculation and then the plastic sheets were 
lifted in the morning and let down in the evening for the 
duration of the experiment (32) . The 0 to 9 disease 
rating system was used in this experiment (17).
In 1987, 40 panicle lines from SC 86-20001 were
inoculated with Rs. solani and screened for sheath blight 
resistance in the field, along with the cultivar Labelle 
and six panicle rows of the susceptible somaclone SC 8 6 - 
20002. Each line was planted in 5-foot rows with a between 
row spacing of 10 inches. Each row was inoculated with 50 
ml of inoculum at the maximum tillering stage of growth 
about 45 days after planting. All the rows were rated at 
maturity for sheath blight using a 0 to 9 scale with 0 
equal to no disease and 9 equal to all plants dead at 
maturity (17).
In 1988, the three lines SC 86-20001-5, SC 86-20001- 
8 , SC 86-20001-33 and SC 86-20001-41, selected from the 
forty SC 86-20001 panicle rows; the cultivars Labelle,
Lemont, and the highly resistant cultivar Taducan were 
tested again in the field for sheath blight resistance. 
The cultivars and lines were planted in 25 square foot 
plots with six rows in each plot, a row spacing of 1 0  
inches and a row length of 5 feet. A randomized complete 
block design with three replications was adopted. The 
plots were each inoculated at the booting stage with 250 
ml of inoculum and disease ratings were made when the rice 
was mature. The same 0-9 disease rating system was used. 
The selected panicle lines from SC 86-20001 were tested 
for three consecutive years in the field and in one 
greenhouse test for sheath blight resistance.
2. Study of the inheritance of sheath blight resistance 
from selected somaclones s
Two resistant lines were selected for research on the 
inheritance of somaclonal resistance to sheath blight. 
Both were single panicle selections from the resistant 
somaclone SC 86-20001. Line SC 86-20001-33 had the highest 
resistance level. The second line SC 86-200OX-5, had a 
lower resistance level, but better plant type than SC 8 6 - 
20001-33. The cultivar Labelle, which is very susceptible 
to sheath blight, and the susceptible cultivar Lemont, 
which is the most widely grown cultivar in the United 
States and has excellent yielding ability, were used as 
parents in crosses with SC86-20001-5 and SC86-200O1-33. In 
1987, reciprocal crosses were made between SC 86-20001-5 
and Lemont, and between SC 86-20001-33 and Labelle. The
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cross between 86-20001-33 and Lemont was made in 1988 in 
the greenhouse. The plants from these crosses, the
parent cultivars, and the parent somaclonal lines were 
inoculated with Ra. solani isolate LR-172 in a greenhouse 
test. The disease resistance of the plants were
intermediate between the resistant somaclonal lines and 
the susceptible cultivars according to this test.
In 1988, an F2 population from reciprocal crosses 
between SC 86-20001-5 and Lemont, the SC 8620001-5 parent 
and the Lemont cultivar were space-planted in the field in 
5-foot rows with a 10-inch row spacing at the LSU Rice 
Research Station at Crowley, LA. Plants were inoculated 
twice, 45 days after seeding and at the boot stage, with 
R. solani using 50 ml inoculum for each 5-foot row each 
inoculation. The disease rating was made at maturity and 
was based on the 0 - 5  scale of Guo and Cheng (13), with 0 
equal to no disease, 1 equal to lesions below the fourth 
leaf, 2 equal to lesions below the third leaf, 3 equal to 
lesions on the third leaf, 4 equal to lesions up to the 
penultimate leaf and 5 equal to lesions up to the flag 
leaf. In 1989, F3 lines from the reciprocal crosses of SC 
86-20001-5 and Lemont were tested for sheath blight 
resistance in the field using the same procedures. Seeds 
from single plants harvested from both F2 populations from 
the reciprocal crosses in the previous year were planted 
in two sets. In both sets, 5-foot rows with a 10-inch row 
spacing were used. In the first set, only the F3 lines, SC
86-20001-5 and Lemont were planted. In the second set,
each F3 row was separated by the susceptible cultivar 
Labelle to ensure uniform diseased development across the 
F3 lines. The same inoculation technique was used. All
ratings made in 1989 were based on the 0 to 9 scale (17). 
The rating of F3 rows was based on the reaction of
susceptible plants where there was segregation for disease 
resistance within the row. Additional F2 plants from the 
crosses of SC 86-20001-5 with Lemont were also tested for 
resistance to sheath blight in the field in 1989. The 
inheritance of resistance from the SC 86-20001-33 line was 
investigated in 1989. F2 populations from reciprocal 
crosses between SC 86-20001-33 and Labelle, and from 
crosses of SC 86-20001-33 and Lemont, as well as the
parent line and the two cultivars, were planted and 
inoculated as previously described. Ratings were based on 
the 0 to 9 scale.
RESULTS AND DISCUSSION
1. Identification of resistant somaclones:
In 1986, SC 86-20001, one of 1400 somaclonal lines 
screened, showed a high level of resistance to rice sheath 
blight and acceptable agronomic characteristics, such as 
resistance to lodging, glabrous leaf, typical long-grain- 
type, and good plant type. Results from the greenhouse 
test showed that the resistance of this line to sheath 
blight was as good as that of the resistant cultivars
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Tetep and Taducan (Table 1). The agronomic characteristics 
of this line were much better than those of the highly 
resistant cultivars and the two resistant somaclones 
selected in 1985 by Dr. J. Cao.
The 40 panicle lines of 86-20001 tested in 1987 were 
all significantly more resistant to sheath blight than the 
parent cultivar Labelle and the panicle lines from the 
susceptible somaclone SC 86-20002 (Table 2). However, 
there were differences in sheath blight resistance among 
the SC 86-20001 lines.
The field test conducted in 1988 further confirmed 
that the resistance of the somaclonal lines was 
significantly higher than that of Labelle and Lemont. The 
resistance level of panicle line SC 86-20001-33 was equal 
to the resistant cultivar Taducan (Table 3). The agronomic 
characteristics of the somaclones were more acceptable 
than those of Taducan or Tetep. However, significant 
differences in sheath blight resistance did exist among 
the panicle lines selected from SC 86-20001. When the 
selected panicle lines from SC 86-20001 and the two 
previously selected resistant somaclones from Labelle, 
were tested for 3 consecutive years in the field all of 
the somaclones showed stable resistance.
2. Study of the inheritance of sheath blight resistance 
from the lines selected from somaclones SC86-20001:
(1) Inheritance of resistance from the moderately 
resistant somaclonal line SC 86-20001-5:
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The F2 plants from the reciprocal crosses of Lemont 
and SC 86-20001-5 were rated for sheath blight resistance 
in 1988 by the 0 to 5 rating system. This rating system 
was easy to use in the field, but it was not a 
satisfactory system with the inoculation method used. The 
same rating applied to two different plants did not 
distinguish the significant differences that were present 
in percent tissue diseased, the type of lesion, and lesion 
size and color. Based on this rating system, the 
distributions of resistance of SC 86-20001-5 plants, 
Lemont plants and their F2 progenies to sheath blight were 
determined (Figure 1-1, Figure 1-2). The distribution of 
ratings of SC 86-20001-5 plants was from 0 to 3, with an 
average rating of 1.7. All Lemont plants were rated at 5. 
The distribution of the cross with SC 86-20001-5 as female 
parent showed a bi-modal distribution (Figure 1-1), which 
indicated major gene action, but the reciprocal cross 
showed a mono-modal distribution (Figure 1-2). Using the 0 
- 5 rating system, there were significant differences in 
the amount of tissue diseased in the same rating when the 
rating was above "2". For example, plants of SC 86-20001-5 
rated "a" had much less diseased tissue compared to most 
plants of the F2s rated "3". Lesion size and color showed 
the same tendency. The difference in distribution might be 
caused by the rating system. Whether the plants rated "3" 
belonged to the resistant or susceptible class was decided 
by the disease resistance of their offspring in F3
panicle rows rated by using the 0 to 9 scale in the 1989 
field tests. After this adjustment, both reciprocal 
crosses showed a bi-modal distribution.
The Chi-square estimate of goodness of fit of the F2 
progenies of SC 86-20001-5 and Lemont to proposed genetic 
ratios are listed in Table 4. Based on the bi-modal 
distributions and the results of Chi-square analysis, the 
inheritance of sheath blight resistance in somaclone SC 
86-20001-5 was controlled by a single recessive gene with 
incomplete dominance of susceptibility. The F3 lines from 
the reciprocal crosses were tested for resistance in 1989. 
The distributions of ratings received by F3 rows and their 
parents are shown in Figures 2-1 and 2-2. The ratings of 
SC 86-20001-5 F3 rows ranged from 0 to 4. The Lemont rows 
received ratings of 8 or 9. Both reciprocal crosses showed 
a bi-modal distribution, with most lines rated in the 
susceptible class. Based on the distribution of parent 
ratings, F3 rows rated 0 to 5 were considered resistant, 
and rows rated 6  to 9 were considered susceptible. The 
chi-square test of goodness of fit to the proposed 3 : 1  
ratio (Table 5) confirmed the F2 results from 1988, which 
was based on the 0 to 5 rating scale. Both year' s 
evaluations indicated that the resistance of 86-20001-5 
was controlled by a single recessive gene.
Additional F2 plants from the cross of SC 86-20001-5 
and Lemont were tested again in 1989 by the 0 to 9 rating 
system. The bi-modal distribution of the F2 plants
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(Figure 4-2) and chi-square test of goodness of fit (Table 
6 ) all confirmed that a single recessive gene played the 
major role in the sheath blight resistance of SC 86-20001- 
5.
(2) . Inheritance of resistance from the highly resistant 
somaclonal line SC 86-20001-33;
F2 plants from the reciprocal crosses of Labelle X SC 
86-20001-33 and the cross of SC 86-20001-33 X Lemont were 
evaluated for sheath blight resistance with the 0 to 9 
rating system. The rating distributions of the parent 
line, Labelle rows and the F2 progenies are shown in 
Figures 3-1 and 3-2. The distribution of ratings on the 
SC 86-20001-33 plants was from 0 to 5, and the rating 
distribution of Labelle plants was from 6 to 9. The cross 
86-20001-33 X Labelle showed a bi-modal distribution with 
the peaks at 3 and 6 . The cross Labelle X 86-20001-33 
showed a tri-modal distribution with peaks at 1, 4, and 6 . 
The poly-modal segregation suggested that major genes were 
involved in the control of the inheritance of resistance 
of 86-20001-33 to sheath blight. The cross SC 86-20001-33 
X Lemont also showed a bi-modal distribution with peaks at 
3 and 6 (Figure 4-1). Chi-square estimates of goodness of 
fit of the F2 progenies to the proposed genetic ratios are 
listed in Table 6 , where plants rated 0 - 5  were 
considered resistant and 6 - 9  susceptible based on the 
parent reactions. Results from the reciprocal crosses of 
SC 86-20001-33 and Labelle and from the cross of SC 8 6 -
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20001-33 X Lemont (Figure 4-1) fit a 9:7 ratio, which 
suggested that two pairs of independently segregating 
recessive genes controlled the inheritance of sheath 
blight resistance from SC 86-20001-33. If this assumption 
is true, the plants would be susceptible only if both
dominant susceptible genes were present. In the F2 
population, the proportion of plants with both dominant 
genes should be 9 out of 16. The plants will be resistant 
when they have either one or both recessive resistant 
genes, the proportion of which should be 7 out of 16 in 
the F2 population. There was not enough data to explore 
the interaction of the two resistance genes due to
environmental effects on disease development and 
subsequent ratings and because of the limited F2 
population studied. However, it appeared that there might 
be some additive gene effects between the two resistant 
genes based on the data available. The direct evidence was 
the third mode appearing at the "1" rating in the F2 
rating distribution of the Labelle X SC 86-20001-33 cross 
where the F2 population size was relatively large (Figure 
3-2) . Apparently the plants with both resistant genes 
reacted to give disease ratings of about "1". Plants with 
one gene were probably distributed around rating "4". 
However, the large effect of environment on disease
development and the modifying genes involved would make it 
extremely difficult to distinguish among the different 
plants rated within the 0 to 5 classes. The indirect
evidence was that somaclone SC 86-20001-33, which had two 
resistance genes, was more resistant to sheath blight than 
somaclone SC 86-20001-5 which only had one resistance 
gene. Based on the available data, it appeared that two 
pairs of independently inherited recessive genes were 
involved in the control of sheath blight resistance of SC 
86-20001-33. The rating distribution of the F2 population 
and the chi-square test of goodness of fit for the cross 
of SC 86-20001-33 X Lemont fit the proposed 9:7 ratio 
confirming the assumption.
The development of rice somaculture has offered the 
rice breeder and pathologist a novel approach for solving 
the problems caused by diseases in rice production. 
Current research clearly shows that new germplasm for 
disease resistance can be developed through somaculture. 
This appears to be a valuable tool, especially when 
sources of resistance to a disease are not available. The 
two lines SC 86-20001-5 and SC 86-20001-33, generated from 
a resistant somaclone from the sheath blight susceptible 
cultivar Labelle, not only have good resistance to sheath 
blight and acceptable agronomic characteristics, the 
resistance is also highly heritable when crosses are made 
with susceptible cultivars. The preliminary results from 
selection among F3 lines are very promising as far as 
obtaining lines with resistance, good plant type, and high 
yielding potential. However, a major difficulty with 
somaclonal variation in rice is that not all cultivars
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have somaclonal variation at acceptable frequencies. The 
cultivar Labelle is highly variable for many 
characteristics in somaculture (7, 8 , 44) . However, some 
cultivars are tissue culture stable and seldom produce 
variants in somaculture. The cultivars Tetep and Taipei 
309 have been demonstrated to have this characteristic 
according to the research conducted in our laboratory. If 
the aim of somaculture is to generate variation for use in 
a breeding program, higher variation frequencies may need 
to be induced before the procedures can be adopted into a 
breeding program on a large scale. Two approaches might be 
useful in solving this problem. One possibility is to 
incorporate mutagens into the tissue culture system. We 
have significantly increased somaclonal variation 
frequency in tissue culture stable varieties in our 
laboratory by incorporation of EMS (Ethyl 
Methanesulfonate) into somaculture media (Chapter 6 ). A 
second method would be to use tissue from hybrids as the 
explant material for somaculture. We recently conducted 
research to determine how variation was generated in 
somaculture by culturing F]S from lines with specific 
genetic markers. This research suggested that the 
somaclonal variation from F^'s from crosses made with 
these lines was much higher than the variation rate in 
somaclones from the parent lines (Chapter 2 ).
Theoretically, the efficiency of obtaining somaclonal 
variants for disease resistance would be greatly increased
by in vitro selection for resistance to a pathogen in 
calli, cell suspensions, or protoplasts. With increased 
variation frequency and stringent in vitro selection 
procedures, somaculture will be a major element in the 
future for breeding for disease resistance. In vitro 
selection will not only help plant pathologists and rice
breeders to eliminate most of the tedious work of
screening progeny in the greenhouse and field, but should 
also greatly increase the chances of successfully 
selecting variation for resistance. The population of 
cells used for selection is many times larger than the
population of plants that can be screened in the
greenhouse and field. However, there has been only one 
successful report of in vitro selection for disease 
resistance in rice, and the success was based on the 
availability of a specific toxin from that pathogen (27). 
Besides the use of toxin, a technique for using the 
culture filtrate of the pathogen as the screening agent is 
being developed in our laboratory, which should have 
potential for use in an in vitro selection system. This 
would be useful where toxin is not available or is too 
expensive.
The success of rice protoplast culture (1, 12, 16,
19, 20, 26, 41, 42, 43, 46, 47, 48) has opened the door
for transformation of rice with foreign DNA. This would 
certainly increase the opportunities for enriching rice 
germplasm for disease resistance. Recent success in
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regeneration of green plants from protoplasts of the U.S. 
long-grain cultivar Labelle in our laboratory provides a 
method for transformation of U.S. cultivars with foreign 
DNA that can be used directly in the U.S. rice breeding 
programs (46, 47).
Tissue culture is only one of the many tools used to 
combat the disease problems in crop production. Even 
though tissue culture may offer a novel source of 
variation and an easier method for selection of 
resistance, its application in breeding programs is still 
in its infant stage. M. E. Daub (17) pointed out in her 
excellent review that "tissue culture is neither a fast 
nor an easy way of developing disease-resistant plants"r 
and "using tissue culture to generate resistance to 
disease for which good resistant varieties already exist 
is not a profitable use of time". The successful 
application of tissue culture for breeding disease 
resistance relies not only on the development of tissue 
culture techniques, but also on the development of 
knowledge about the specific disease in question, the 
pathogen involved, and the interaction between the 
pathogen and the host at both the cellular and whole plant 
level.
Table 1. Disease ratings of sheath blight resistant 
somaclones grown and inoculated in a greenhouse test.
Cultivar or Disease rating^/
somaclone ( 0 - 9  scale)
SC86-20001 (Labelle) 3
SC85-682 (Labelle) 3
SC85-799-1 (Labelle) 3
Labelle 9
Tetep 3
Taducan 3
^  0 = no disease and 9 = severe disease with most
plants dead at maturity.
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Table 2. Distribution of R3 somaclone panicle rows 
inoculated with Rhizoctonia solani for sheath blight 
resistance in a 1987 field test at the LSU Rice Research 
Station? Crowley, LA.
Cultivar or Disease rating ( 0 - 9 scale)^/
somaclone 0 1 2 3 4 5 6  7 8 9
Labelle 1 1 2
SC 86-20001 9 14 7 8 1
SC 86-20002 6
^  0 = no disease and 9 = severe disease with most plants
dead at maturity.
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Table 3. Comparison of sheath blight resistance among four 
panicle selections from the sheath blight resistant 
somaclone SC 86-20001, the resistant cultivar Taducan and 
two susceptible cultivars. Tests conducted at the LSU
Rice Research Station; Crowley, LA in 1987 and 1988
Cultivar 1987 1988
or line R3 row rating R4 row rating
rating)
(0-9 rating) (0-9
SC 86-20001-33 0 0.83
Taducan 1 . 0 0
SC 86-20001-8 0 1.33
SC 86-20001-1 4 4.33
SC 86-20001-5 3 4.83
Lemont 8.67
Labelle 7.3 9.00
k^o.os 0.23
&  Plants inoculated with Rhizoctonia solani grown on a
sterile rice grain-rice hull mixture (1 :2 ).
k/ o = no disease and 9 = severe disease with most plants
dead at maturity.
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Table 4. Chi-square estimate of goodness of fit of the F2  
progenies of the SC 86-20001-5 X Lemont reciprocal crosses 
evaluated in field tests in 1988 to the expected genetic 
ratios.
Crosses
Ratio (S:R)* 
Observed Expected X2 P
SC86-20001-5 
X Lemont 
Lemont X
SC86-20001"
85:40 93.75:31.25(3:1) 
•5 74:26 75:25 (3:1)
3.488
0.054
0.10-0.05 
0.99-0.97
Table 5. Chi- 
progenies of 
evaluated in 
ratios.
-square estimate of goodness of fit of the F3 
the SC 86-20001-5 X Lemont reciprocal crosses 
field tests in 1989 to the expected genetic
Crosses
Ratio (S:R)* 
Observed Expected X2 P
SC8 6-20001-5 
X Lemont 
Lemont X
SC86-20001-
85:37 91.5:30.5 (3:1) 
■5 72:28 75:25 (3:1)
1.847
0.480
0.25-0.10
0.50-0.25
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Table 6. Chi-square estimate of goodness of fit of the 
sheath blight reactions of F2 progenies evaluated in field 
tests in 1989 to the expected genetic ratios.
Ratio (S:R)*
Crosses Observed Expected X2 P
SC86-20001-33
X Labelle 57:56 63.56:49.44(9:7) 1.547 0.25-0.10
Labelle X
SC86-20001-33 160:143 170.4:132.6(9:7) 1.450 0.25-0.10
SC86-20001-33
X Lemont 77:68 81.56:63.44(9:7) 0.583 0.50-0.25
Lemont X
SC86-20001-5 157:64 165.75:55.25(3:1) 1.847 0.25-0.10
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Chapter 4
PLANT REGENERATION FROM RICE CELL SUSPENSION CULTURES
Chapter Summary
Successful suspension culture systems were 
established from calli derived from immature panicles of 
rice (Orvza sativa L.). Two methods were used for 
initiation of the suspension. In the first method, 4-month 
-old calli were suspended in liquid Murashige and Skoogr 
(MS) medium supplemented with 4 mg/1 2,4-D and shaken at 
150 rpm on a gyratory shaker. Suspension cultures were 
subcultured every 2 weeks. The high concentration of 2,4- 
D facilitated establishment of the suspension. In the 
second method, 2-month-old calli were suspended in either 
modified MS (MMS) or modified R2 (MR2) media and shaken at 
110 rpm on a gyratory shaker. Suspension cultures were 
subcultured once a week. Suspensions cultured by the 
first method contained more individual cells, while calli 
grew better in suspensions cultured by the second method, 
especially in long duration suspension culture.
Three different methods were used for culturing the 
suspended cells and small cell clusters. Culturing the 
cells in agarose beads with nurse cells gave the best 
results. Hundreds of green plants were regenerated from 
all the cultivars used except Lemont. Length of time in 
culture had a negative effect on plant regeneration. The 
calli suspended in MMS medium regenerated more
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successfully with the cultivars Tetep and Taipei 309 than 
calli suspended in MR2 medium.
INTRODUCTION
Rice cell suspension culture is important in long­
term culture of rice tissue, in protoplast culture, and in 
in vitro selection procedures. Recently, sophisticated 
rice somaculture systems have been developed (2, 4, 5, 6, 
9, 14) . Reliable plant regeneration from protoplasts of
japonica cultivars has also been achieved (1, 7, 8, 12). 
Successful plant regeneration from rice suspension 
cultures was reported by Ye, but his methodology was only 
applicable to japonica cultivars (13). Plant regeneration 
from rice suspension of indica cultivars has only been 
reported by Abe et al. (3). However, in both reports, 
suspended calli over 1 mm in size, instead of cells and 
small clusters, were plated on agar media for further 
growth and plant regeneration. For the purpose of in vitro 
screening against different agents; such as, culture 
filtrate or toxins from plant pathogens, suspended cells 
and small cell clusters would be more suitable. The 
objective of this experiment was to develop an efficient 
plant regeneration system for suspended cells and small 
cell clusters (less than 10 cells) from diverse rice 
germplasm, and to use this suspension culture system as a 
precursor to protoplast culture.
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MATERIALS AMD METHODS 
Germplasm: The United States long-grain cultivars Labelle 
and Lemont, the indica cultivar Tetep, and the japonica 
cultivar Taipei 309 were used in this experiment. 
Initiation of callus: Calli were initiated from immature 
panicles using the procedures described by Cao et al. (4). 
Immature panicles l to 5 cm long were removed from 
sterilized boots and cut into approximately 0.5 cm pieces, 
plated onto MS medium (MS-4) (10) supplemented with 4  mg/1 
2, 4-D and solidified with 1% agar. The panicle pieces
were incubated at 28 C in the dark.
Suspension culture: Two methods were used for suspension
culture. Method A: 4-month-old calli from solid MS-4
medium were used for initiation of the suspension. The 
calli were transferred to a 125 ml flask containing 20 ml 
medium consisting of MS medium supplemented with 4 mg/1 
2,4-D, and 0.5 g casein hydrolysate (CH). The flasks were 
incubated at 27°C on a gyratory shaker at 150 rpm with a 
16 hour light period followed by an 8 hour dark period 
each day. Cultures were subcultured every two weeks by 
pouring out the old medium leaving calli on the bottom of 
the flasks and pouring in new sterile medium.
Method B: 2-month-old calli were used for initiation 
of the suspension. Two different media were used for 
suspension culture. One medium (MMS) consisted of MS basic 
salts, 1 mg/1 vitamin Bl, 0.5 mg/1 vitamin B6, 0.5 mg/1
nicotinic acid, 2.0 mg/1 glycine, 100 mg/1 inositol, 2 g/1
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CH, 4 mg/1 2,4-D, and 30 g/1 sucrose. The other medium 
(MR2) consisted of R2 basic salts (11), 10 mg/1 vitamin
Bl, 1 mg/1 vitamin B6, 1 mg/1 nicotinic acid, 100 mg/1
inositol, 3 g/1 CH, 2 mg/1 2,4-D and 30 g/1 sucrose. Calli 
were cultured in 125-ral flasks containing 20 ml liquid 
medium. The flasks were incubated as above except that 
they were shaken at 110 rpm. cultures were subcultured 
every week in fresh medium. The solution from each flask 
was poured into a sterile 50 ml centrifuge tube leaving 
the large calli in the flask, and centrifuged at 1000 rpm 
for 2 minutes. Most of the supernatant was decanted and 
the cells in about 5 ml supernatant was returned to the 
original flasks using sterile technique. Twenty ml of
fresh medium was added to each flask. After 4 weeks, the
suspension culture was filtered through a sterile 1000 jum 
nylon mesh and the liquid collected was centrifuged at
1000 rpm (100 g) for 5 minutes to collect the suspended 
cells and small cell clusters. The pellet was resuspended 
in 20 ml of fresh medium in a 125-ml flask.
Effect of 2 r4-D concentration on number of suspended cells 
in rice suspension cultures: Cell suspensions cultured on
MS medium with 1.0, 2.0, or 4.0 mg/1 2,4-D were harvested 
after 2 months of suspension culture. The suspended cells 
were collected as previously described. Samples were
counted on a hemacytometer to determine the number of 
suspended cells present in each filtered suspension. 
Culture of the suspended cells and small cell clusters in
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solidified medium: Three methods were used for culturing
the suspended cells and cell clusters. Method 1: This
method was used for culturing the cells and small cell 
clusters derived from suspension culture method A. About 
2- month-old suspension was filtered through a sterile 500 
/im mesh nylon screen. The filtrate (about 106 cells/ml) 
was mixed with an equal volume of the same MS medium
containing 1% agar (kept at 45°C) . Then, pour 20 ml of 
mixture into a 10 X 150 mm petri dish. Each plate will 
contain 20 ml medium with cells and cell clusters
embedded. The plates were incubated at 28°C in the dark.
Method 2: This method was used for culturing the
cells and small cell clusters derived from suspension 
culture method B. The suspension was filtered as mentioned 
above. The filtrate was centrifuged at 1000 rpm (100 g) 
for 5 minutes to collect the cells and small cell
clusters. The pellet was resuspended in MS 2,4-D medium 
(106 cells/ml) . The cell suspension was mixed with an
equal volume of the MS medium containing 1% agarose (kept 
at 45°C) . Plating and incubating were the same as in 
method 1.
Method 3: The method of filtration, centrifugation
and plating were the same as in method 2 except that each 
plate received only 12 ml medium with cells embedded. 
Following plating, the agarose medium with cells and cell 
clusters was cut into small squares or beads (16 squares 
in each 10 X 150 mm petri dish) . The agarose beads with
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cells in them were suspended in 20 ml liquid MS medium 
with 0.2 ml nurse cell suspension developed in our 
laboratory from the cultivar Labelle (Appendix 3). The 
plates were incubated in an environmental rotary incubator 
shaker rotating at 50 rpm at 28°C in the dark for 10 days. 
After 10 days, the beads were washed in the liquid MS 
medium to remove the nurse cells, and the beads were 
plated on solid MS-4 medium.
Plant regeneration: The procedures for plant regeneration
were described by Cao et al. Calli about 2 mm in size were 
transferred to MS medium supp 1 ement ed with 0.5 mg/1 
indole-3-acetic acid (IAA) and 0.8 mg/1 6- 
benzylaminopurine (BA). The calli were incubated at 27°C 
using a 16 hour light - 8 hour dark period. Calli were 
subcultured every month on the same medium. %  seedlings 2 
to 3 inches tall were transferred to pots in the 
greenhouse to obtain seeds.
RESULTS AND DISCUSSION 
Suspension culture: Two suspension methods were used in
this experiment. In suspension method A, 4-month-old calli 
were used to initiate the suspension. After growing on the 
agar medium for 4 months, the calli were friable and easy 
to suspend. After culturing in suspension for 2 months, 
about 95 percent of the cells in the solution, after 
filtering through a sterile 500 jum mesh nylon screen, were 
single cells (Table 1). None of the few cell clusters that
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passed through the screen had more than 10 cells. Cell 
suspensions from the cultivars Labelle and Lemont, had 
more than 106 cells per ml. The cultivar Tetep had about
0.5 X 106 cells per ml (Table 3). The effects of 2,4-D 
concentration on suspension culture development were 
investigated using Method A. Different cultivars reacted 
differently to 2,4-D concentration. With the American 
long-grain cultivars Labelle and Lemont, high 
concentrations of 2,4-D facilitated the establishment of 
the suspension (Table 3) . The higher the 2,4-D 
concentration, the higher the number of cells released 
from calli into the medium. The 2,4-D concentration did 
not have a significant effect on the suspension culture 
development with Tetep (Table 3).
MMS and MR2 media were both used with suspension 
method B. The media were supplemented with relatively high 
concentrations of CH. The calli from Labelle and Lemont 
grew faster in MR2 medium. Tetep calli grew better in MMS. 
No differences were observed when Taipei 3®9> calli were 
cultured in the two media. Suspension method A produced 
suspensions with more individual cells in the suspension 
(Table 2). With method B the frequency of single cells was 
slightly decreased and a few cell clusters with more than 
10 cells were observed (Table 2) . Two factors might be 
responsible for this phenomenon. First, the calli used 
were 2-months-old and they were not as friable as calli 
from 4-month-old cultures. Secondly, the gyratory shaker
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speed was decreased from 150 to 110 rpm. However, the 
calli did grow better in this treatment, especially after 
a long period of culture. Cell lines for isolation of 
protoplasts and excellent nurse cell lines for culturing 
protoplasts were developed by using suspension method B. 
Culture of cells in solid medium: After 2 months of 
culturing in the suspension medium, the suspension was 
filtered through a sterile 500 /nm mesh nylon screen. The 
cells and the small cell clusters were then cultured in 
solid media using three different methods. When the cells 
and small cell clusters were cultured by method 1, only a 
few cells or cell clusters embedded in each petri dish 
could grow into calli more than 2 mm in diameter (Table 
4) . This process often took from 3 to 4 months. When 
cultured by method 2, relatively more cells or cell 
clusters could grow into large calli (Table 4) . This 
process would take 1 to 2 months. Even though the number 
of calli produced from each petri dish was enough for 
plant regeneration, the efficiency was too low for in 
vitro screening against different agents. By using method 
3 and culturing the agarose beads containing cells with 
the Labelle nurse cell lines developed in our laboratory, 
the efficiency increased significantly (Table 4). About 80 
calli could be produced from each petri dish and it only 
took 1 month for the cells to grow into calli 2 mm in 
diameter. Aside from the effects of the different methods 
on the growth of cells, the effect of the original
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suspension culture on the concentration of cells was very 
important.
Plant regeneration from suspension cultures: Calli about
2 mm in diameter were transferred to MS medium 
supplemented with IAA and BA. The regeneration frequencies 
of calli cultured using the different methods are listed 
in Table 5. The regeneration frequencies from calli 
derived from method 1 were lower than those of calli 
cultured in method 2. The longer time consumed in the 
development of the calli was probably the reason for the 
low regeneration frequency. The regeneration frequency of 
calli derived from suspension culture of Taipei 309 was 
very high (Table 5). More than 80% of the calli were able 
to regenerate plants. Large numbers of plants could be 
regenerated easily from this cultivar. A negative effect 
of suspension culture time on the regeneration of calli 
was observed by Abe, et al. (3) . In this experiment, the 
effect of suspension culture period on plant regeneration 
was also studied. Different cultivars reacted differently. 
The calli derived from Taipei 309 were not sensitive to 
suspension culture time. Tetep, on the hand, was very 
sensitive to suspension culture time. The regeneration 
frequency dropped significantly after prolonging the 
suspension culture time (Table 7) . In suspension culture 
method B the plant regenerating ability of calli derived 
from suspension in different media were compared (Table 
6) . Even though the suspended calli grow a little faster
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in the MR2 medium than in MMS medium for most cultivars 
tested, the plant regeneration frequency from calli 
generated in MMS medium was higher than that of calli 
generated in MR2 medium (Table 7) . Based on this 
observation, we used MMS medium for culturing the cell 
lines for isolation of protoplasts and used the MR2 medium 
for culturing the nurse cell lines, which were not 
developed for regeneration of plants. The suspension 
culture systems described here were successfully 
incorporated into a protoplast culture system, which is 
presented in Chapter 5.
Many plants of the three cultivars Labelle, Taipei 
309, and Tetep were regenerated from suspended cells using 
methods 1 and 2. No plants were regenerated from Lemont. 
The number of plants transferred to the greenhouse and 
the number of R2 lines planted in the field from the R^ 
plants are given in Table 8. Many of the plants 
regenerated were not transferred to the greenhouse. Some 
of the plants transferred to the greenhouse did not 
survive the transplanting procedure. About 5% of the 
plants developed a chlorophyll deficiency syndrome and 
eventually died. Some of the regenerated plants were 
sterile. In some cases, plants were not harvested.
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Table 1. Frequency of of single cells and cell clusters 
in suspensions produced by method A culture system after 
filtering.^/
Number of cells/unit (cluster)
Cultivar 1 2 3 4 5 6 7 8 9 10 >10
Tetep 96.0 0.0 1.4 0.6 0.6 0.3 0.6 0.3 0.0 0.3 0.0
Labelle 94.9 0.3 1.3 1.4 0.6 1.0 0.4 0.0 0.0 0.1 0.0
&  Suspensions filtered through a 500 /urn mesh nylon 
screen.
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Table 2. Frequency of single cells and cell clusters in 
suspensions produced by method B culture system after 
filtering.
Number of cells/unit (cluster)
Cultivar 1 2 3 4 5 6 7 8 9 10 >10
Tetep 93.4 
Labelle 92.0
2.0 1.2 0.9 0.3 0.0 0.3 
2.3 0.6 1.1 0.6 0.6 0.6
0.6 0.0 
0.6 0.0
0.0
0.0
1.1
2.3
^  Suspensions filtered through a 500 /xm mesh nylon 
screen.
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Table 3. Comparison of the number of suspended cells in 
liquid MS medium containing different concentrations of 
2,4-D. &
Concentration of 2,4-D Number of cells
Cultivar (mg/1) (106)
Labelle 4.0 1.81 a
2.0 0.65 b
1.0 0.39 b
LSDo.os 0.387
Tetep 4.0 0.57 a
2.0 0.53 a
1.0 0.60 a
LSDo.05 0.152
Lemont 4.0 2.42 a
2.0 1.29 b
1.0 0.66 c
LSDq . 05 0.174
&  Suspensions filtered through a 500 ixvx mesh nylon 
screen.
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Table 4. The effect of different culture methods on the 
growth of cells and small cell clusters in solid media.
Mean number of regenerated calli per 20 ml 
media in petri dish (15 X 150 mm)_____
Cultivar
MS with 
agar 
(Method 1)
MS with 
agarose 
(Method 2)
MS as 
agarose beads 
(Method 3)
Tetep 4.6
Labelle 5.3
Taipei 309 ---
11.2
12.5
20.0 79.6
Table 5. The effects of different solid medium culture 
methods on the frequency of plant regeneration from 
calli produced from embedded cells and cell clusters.
Plant regeneration frequency (%) 
MS with agar MS with agarose
Cultivar (Method 1) (Method 2)
Tetep 
Labelle 
Taipei 309
20.0
8.0
34.7
36.7 
87.3
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Table 6. The effect of different suspension culture ages 
on the frequency of plant regeneration from Tetep cells.
Age of suspension 
(week)
Plant regeneration frequency
(%)
8 34.7
12 19.2
18 7.9
Table 7. 
frequency 
clusters.
The effect of different suspension media on the 
of plant regeneration from cells and small cell
Medium
Plant recreneration frecruencv (%) 
Tetep Taipei 309
MMS
MR2
l s d q .os
34.7 a 87.3 a 
15.0 a 52.5 b 
28.3 18.5
113
Table 8. Number of plants transferred from suspension 
culture.
Number of plants 
R1 plants R2 lines
transferred to planted in
Cultivar the greenhouse the field
Taipei 309
Tetep
Labelle
491
1551
162
387
122
88
114
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Chapter 5
HIGH FREQUENCY PLANT REGENERATION FROM RICE PROTOPLASTS 
ISOLATED FROM JAPONICA CULTIVAR TAIPEI 309 AND THE UNITED 
STATES LONG-GRAIN CULTIVAR LABELLE
Chapter Summary
An efficient system was developed for plant 
regeneration from rice protoplasts of the US long-grain 
cultivar Labelle and the japonica cultivar Taipei 309. In 
this system protoplast yields were 6 X 106 protoplasts per 
gram of cells or higher. The plating efficiencies 2 weeks 
after embedding protoplasts were 7.5% for Taipei 309, and 
7.2% for Labelle. Plant regeneration frequencies from 
unselected protoplast derived calli of Taipei 309 were 
higher than 40%. More than 5,000 green plants of Taipei 
309 were regenerated from protoplasts isolated from 6 
grams fresh weight of callus. Plant regeneration 
frequencies from Labelle protoplasts were about 15% with 
444 Ri plants transferred to pots in the greenhouse. Two 
hundred and ninety-one R2 lines developed from this 
material were eventually planted in the field.
The major factors in developing the protoplast 
regeneration system were the production of fast growing 
cell lines for nurse cells and the development of rapidly 
growing suspensions of small calli in a short time for 
protoplast isolation. Modified R2 medium was used for 
development and culture of nurse cells and modified MS
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medium was used to generate suspension cultures for 
protoplast isolation. Modified MS medium supplemented 
with IAA and BA was used for plant regeneration. Plant 
regeneration frequency was 42.1% from this medium and 5.7% 
from Ng medium.
INTRODUCTION
Efficient plant regeneration from rice protoplasts is 
very important for incorporation of foreign DNA into rice 
and for in vitro screening of mutated cells occurring
during culture. Successful plant regeneration from rice 
protoplasts of japonica cultivars has been achieved (1, 4, 
7, 10, 14, 15) . Recently, plant regeneration from
protoplasts of indica cultivars has also been reported (8, 
9). There have been no reports on plant regeneration from 
the United States long-grain cultivars. The U.S. long-
grain cultivars are significantly different from japonica 
cultivars in genetic background. A reliable protoplast 
culture system for U.S. cultivars is necessary for 
enriching the germplasms of these cultivars through the 
incorporation of foreign DNA. Modification of these 
cultivars would mean that the new genes would be used in 
the U.S. breeding program much sooner than if foreign
cultivars are modified and the new characteristic must be 
transferred to U.S. cultivars through conventional 
breeding procedures. One of the major objectives of this 
work was to establish a reliable system for protoplast
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culture of the U.S. long-grain cultivar Labelle. The 
second objective was to improve plant regeneration from 
protoplasts of japonica and indica cultivars. Although 
current plant regeneration systems have been successfully 
used for transformation of protoplasts with cloned plasmid 
DNA (6, 13, 16, 17, 18), the efficiencies were too low for 
experiments to transform protoplasts with DNA extracted 
from wild grass species or in vitro screening of 
protoplasts for mutated cells with disease resistance. In 
these experiments, large numbers of plants are needed for 
screening for characteristics such as disease resistance. 
The lack of information about resistance genes at the 
molecular level makes the plasmid transformation system 
unfeasible at present for the purpose of improving disease 
resistance in rice.
MATERIALS AND METHODS 
Germplasm: The U.S. long-grain cultivar Labelle, the
japonica cultivar Taipei 309, and the indica cultivar 
Tetep were used in this research.
Callus Initiation: Calli were initiated from immature
panicles using the procedures described by Cao et al. (2). 
Immature panicles 1 to 5 cm long were removed from 
sterilized boots, cut into approximately 0.5 cm pieces, 
and plated on Murashige and Skoog (MS) medium (11) 
supplemented with 4 ppm 2,4-D and solidified with 1% agar 
(MS-4). The plates were incubated at 28°C in the dark.
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Suspension Cultures Two-month-old calli from MS-4 medium 
were used to initiate the suspension cultures.
1. Development of nurse cell lines; The suspension medium 
for development of nurse cell lines was modified from 
Fujimura et al. (4) and consisted of R2 basic salts (12),
10 mg/1 vitamin Bl, 1 mg/1 vitamin B6, 1 mg/1 nicotinic
acid, 100 mg/1 inositol, 3 g/1 casein hydrolysate (CH), 2 
mg/1 2,4-D and 30 g/1 sucrose. The pH of the modified R2 
medium (MR2) was adjusted to 5.8 before autoclaving. Calli 
were cultured in 125-ml flasks containing 20 ml medium. 
The cultures were incubated at 27°C with a 16 hour light 
period followed by an 8 hour dark period on a gyratory 
shaker at 80 rpm. Cultures were subcultured every week by 
pouring off the old medium, leaving the calli, and adding 
20 ml of fresh medium. Every 4 weeks, the suspension 
culture was filtered through a 1000 /Ltm mesh nylon screen 
and the filtrate was centrifuged at 1000 rpm (100 g) for 5
minutes to collect the cells and small calli. The cells
and small calli were resuspended in 20 ml fresh medium, 
and subcultured every week. This procedure was repeated 
until the suspended calli did not grow over 1000 ju in 
diameter. From that point, the subculturing was 
accomplished by pipetting 2 to 4 ml of suspension to 20 ml 
fresh medium every week.
2. Development of cell lines for isolation of protoplasts: 
The suspension medium consisted of MS basic salts (11), 1 
mg/1 vitamin Bl, 0.5 mg/1 vitamin B6, 0.5 mg/1 nicotinic
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acid, 2.0 mg/1 glycine, 100 mg/1 inositol, 2 g/1 CH, 4 
mg/1 2,4-D, and 30 g/1 sucrose. The pH of the modified MS 
medium (MMS) was adjusted to 5.8 before autoclaving. Calli 
were incubated in 125-ml flasks containing 20 ml medium. 
The incubation and subculture were carried out as 
previously described.
Protoplast Isolations Protoplasts were isolated from small 
calli suspended 2 to 4 months for Taipei 309 and 4 to 6 
months for Labelle. The suspension was filtered through a 
500 jum mesh nylon screen. The filtrate was centrifuged at 
1000 rpm and the cells were resuspended in fresh medium 
for further culture. The calli larger than 500 jLtm were 
used for isolation of protoplasts. Two to three grams 
fresh weight of calli were suspended in a 100 X 15 mm 
plastic petri dish with 20 ml enzyme mixture containing 4% 
cellulase (Sigma C-0901), 1% pectinase (Sigma p-2401), and
0.4 M mannitol. The mixture was incubated in the dark at 
32°C in an environmental incubator rotary shaker at 30 rpm 
for about 3 hours. After incubation 25 ml KMC solution (5) 
was added to the enzyme mixture and the mixed solution was 
passed through a 50 jura and then a 30 fim mesh nylon screen. 
After centrifugation for 10 minutes at 1000 rpm (100 g) 
value, protoplasts were collected and washed twice in 10 
to 15 ml KMC solution by resuspension and centrifugation 
for 5 minutes each time. The protoplasts were then 
suspended in liquid protoplast culture medium.
Protoplast Culture: Protoplasts were cultured by using the
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agarose-bead method described by Kyozuke et al. (7). The 
protoplast culture medium (PCM) consisted of R 2 inorganic 
salts, 5 mg/1 vitamin Bl, 1 mg/1 vitamin B6, 1 mg/1
nicotinic acid, 2 mg/1 glycine, 100 mg/1 inositol, 2 mg/1 
2,4-D, and 0.4 M sucrose. The pH was adjusted to 5.8 
before autoclaving. The final protoplast density was 
adjusted to 5 X 105 protoplasts/ml. For the experiments 
carried out for comparison of the efficiency of different 
media for plant regeneration, the protoplast density was 
adjusted to 1 X 106 protoplasts/ml of medium in the first 
experiment and 2 X 105 protoplasts/ml of medium in the 
second experiment. Four ml of protoplast suspension was 
mixed with an equal volume of PCM containing 2.4% agarose 
in a 15 X 100 mm plastic petri dish. The solidified 
agarose medium containing the protoplasts was cut into 16 
beads fom each plate and 8 beads were placed into petri 
dishes containing 20 ml of liquid protoplast culture 
medium (LPCM) and 0.3 ml of nurse cell suspension. The 
protoplast beads were incubated in the dark with nurse 
cells in an environmental incubator rotary shaker rotating 
at 30 rpm and maintained at 28°C. After 10 days, the nurse 
cells were washed off the beads twice using LPCM. The 
beads were resuspended in 20 ml LPCM and cultured as 
described. After 7 to 10 days, the beads with visible 
small calli were transferred to a plastic petri dish 
containing soft agarose medium that consisted of the same 
components as the PCM except that the 0.25% agarose and 30
122
g/1 sucrose concentration were added. Four beads were 
placed into each dish.
Plant regeneration: After 10 day's culture in the soft 
agarose medium, calli about 1 mm in diameter were 
transferred to modified MS medium with MS basic salts, 1 
mg/1 vitamin Bl, 0.5 mg/1 vitamin B6, 0.5 mg/1 nicotinic 
acid, 2 mg/1 glycine, 100 mg/1 inositol, 0.5 g/1 CH, 4 
mg/1 2,4-D, and 5 g/1 agarose. The plates were incubated 
in the dark at 28°C. After 2 to 3 weeks, the calli were 
transferred to the MMS medium supplemented with 0.5 mg/1 
IAA, 0.8 to 1.5 mg/1 BA, and 8 g/1 agarose for
regeneration of plants. The calli were incubated at 27°C 
under a 16 hour light - 8 hour dark regime. Calli were 
subcultured every 20 to 25 days. For studying the effects 
of different media on plant regeneration frequency, two 
experiments were carried out by using Ng (3) hormone free 
medium as a comparison to our MMS medium. After two to 
three months, plantlets 2 to 3 inches in length were 
transferred to pots in the greenhouse to obtain seeds.
The R2 plants were planted in the field at the LSU Rice 
Research Station for observation of protoclonal variation 
(Appendix 4).
RESULTS AMD DISCUSSION
1. Development of nurse cell lines: In this protoplast
regeneration system, one of the most important steps was 
the development of good nurse cell lines. After six months
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of suspension culture in MR2 medium, most calli from the 
cultivar Labelle did not grow over 1 mm in diameter. The 
growth rates of different lines were compared and the 
rapidly growing lines were selected. After 1 year of 
suspension culture, the lines which could grow at the 
dilution 1:8 to 10 every week were selected as nurse cell 
lines. Three lines were obtained from Labelle (Figure 1).
2. Development of cell lines for protoplast isolation: 
After about four months suspension culture in MMS medium, 
Labelle cell lines with calli that did not grow over 2 mm 
in diameter and that could be subcultured by pipetting 5 
ml suspension into 20 ml medium every week, were selected 
for protoplast isolation. At this stage, most of the calli 
were about 1 mm in diameter and released a large number of 
cells into the culture medium (Figure 2) . Most of the 
suspended cells were round cells. Taipei 309 cultures 
with suspended calli having a fresh yellow color and 
releasing large numbers of round cells into the medium 
were selected for protoplast isolation (Figure 3) . This 
type of suspension culture could often be developed in 2 
to 4 months.
3. Isolation of protoplasts: After about 3 hours of 
digestion with the enzyme mixture, most of the small calli 
were completely digested (Figure 4) . One gram of fresh 
calli would yield about 6 X 106 protoplasts. These 
protoplasts could be used to plate two 15 X 100 mm plastic 
petri dishes at a concentration of 5 X 105 protoplasts/ml
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of medium.
4. Protoplast culture: Protoplasts in agarose beads with
the LR1 nurse cell line developed rapidly (Figure 5) . 
Cell division was observed from plated protoplasts within 
2 days (Figure 6) . In about 1 week, many tiny calli were 
forming in the beads (Figure 7) . In 2 weeks the calli 
were easily seen without magnification (Figure 8) . 
Plating efficiencies were about 7.2% for Labelle 
protoplasts and 7.5% for Taipei 309 protoplasts (Table 1). 
After transfer to the soft agarose medium, the calli in 
beads grew vigorously. One week after transfer, the 
agarose beads became crowded with calli (Figure 9) . The 
calli had to be spread on the soft agarose medium with a 
sterile needle to increase the space available for growth. 
Even though larger calli were being transferred to plant 
regeneration medium, the beads still became crowded in a 
few days due to the rapid growth of the large number of 
smaller calli. Considering the large number of
protoplasts in the medium, plating efficiency was not a 
limiting factor in protoplast culture. With the plating 
efficiencies of our protoplasts, we could not utilize all 
the calli produced in two or three dishes.
5. Plant regeneration: Calli about 1 mm in diameter were 
transferred to MMS medium supplemented with 4 mg/1 2,4-D 
(MMS-4) and cultured in the dark at 27°C (Figure 10) . The 
calli grew rapidly in this medium (Figure 11) . After 
incubation on MMS-4 medium for 2 to 3 weeks, the calli
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were transferred to MMS medium without 2,4-D supplemented 
with IAA and BA. Green spots began to form on calli in 2 
to 3 weeks. Plants regenerated from calli with green spots 
(Figure 12) . The results of the two plant regeneration 
experiments are listed in Tables 2 and 3. The difference 
between the effects of the two media on plant regeneration 
frequency was very significant (Table 2) . More than 50% 
of the calli in MMS medium produced green spots and about 
80% of the calli with green spots regenerated plants. The 
average plant regeneration frequency from all calli was 
more than 40%. This percentage was calculated based on 
plant regeneration from 4,000 unselected calli. As one
dish of plated beads would provide thousands of
protoplast-derived calli the observed plant regeneration 
frequency could produce a large enough population of
plants to fulfill any experimental needs. The N6 medium
gave poor results. Only a little more than 28% of the 
calli produced green spots and about 20% of the calli with 
green spots regenerated plants. The average plant 
regeneration frequency was about 5.7%. The total number of 
plants regenerated per callus plated on Ng medium was 
significantly less as well (Table 3) . For each callus 
plated on MMS medium, about one plant was regenerated. 
However, it would require more than ten calli to produce 
one plant when calli were plated on Ng medium. Each callus 
capable of regeneration produced more than two plants on 
MMS medium, while each callus capable of regeneration only
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produced one plant when plated on N6 medium.
The effect of protoplast density, when protoplasts 
were embedded in agarose medium, on the regeneration 
ability of protoplast-derived-calli was also investigated. 
High Taipei 309 protoplast density had a negative effect 
on plant regeneration by the transferred calli (Table 4). 
The same phenomenon was also observed for plant 
regeneration from calli from Labelle protoplasts. This 
may be caused by the relatively poorer development of 
calli due to overcrowding when the protoplast density was 
high. The plant regeneration frequency from protoplasts of 
Labelle was 13.7% (Table 5) . Four hundred forty-four 
green plants regenerated from Labelle protoplasts were 
transferred to the greenhouse and more than 400 plants set 
seeds. Even though the plant regeneration frequency was 
not high for Labelle, the procedures were highly 
repeatable. The methodology for plant regeneration from 
Labelle protoplasts still fulfilled the demands of a 
transformation experiment with plasmid DNA, which is being 
carried out cooperatively between this laboratory and Dr. 
Murai's laboratory. As for plant regeneration from 
protoplasts of the indica cultivar Tetep more than 100 
plants were regenerated following the described protoplast 
procedure, however, we still have difficulty in isolating 
the protoplasts and repeating the regenerating procedure. 
In this experiment, the other major effect on plant 
regeneration was the early transfer of small calli (1 mm
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in diameter) to MMS-4 medium. The larger calli growing in 
MMS-4 medium also had a higher plant regeneration capacity 
than those of larger calli growing in MR2 soft agarose 
medium (by spreading the calli from the beads to the soft 
agarose medium) (Table 6) . This factor became more 
important in plant regeneration from Labelle protoplasts 
which did not have the same regeneration ability as Taipei 
309.
Having a reliable rice protoplast culture system for 
a U.S. long-grain cultivar is important for future 
transformation experiments as it offers the potential for 
incorporat ion of foreign DNA directly with acceptable 
grain quality and plant type cultivars. Two major problems 
were overcome in developing the system for plant 
regeneration from protoplasts of Labelle. One was the 
difficulty in obtaining suspensions of small calli 
acceptable for protoplast isolation in the short time 
required to maintain acceptable plant regeneration 
frequency. Also, over time unfavorable variation occurring 
during suspension culture increased. MMS medium was 
selected for suspension culture to produce calli for 
protoplast isolation as this medium had fewer effects on 
plant regeneration frequency from suspended calli compared 
to other media tested (unpublished data). Using enriched 
MMS medium for suspension culture, suspensions suitable 
for protoplast isolation could be obtained in 4 to 6 
months. The second problem was the low efficiency of the
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plant regeneration system adopted by many laboratories for 
regeneration of plants from protoplasts of japonica 
cultivars. In those systems, N6 medium was used for plant 
regeneration. However, Ng did not work to regenerate 
plants from calli derived from Labelle protoplasts. We 
used the MMS medium supplemented with IAA and BA for plant 
regeneration that was previously developed for somaculture 
(2) . It was also observed that the early transfer of 
calli from the soft agarose medium to MMS-4 medium 
increased plant regeneration. Calli about 1 mm in size 
were picked out and plated on MMS-4 medium. This step 
provided more space and nutrient for each individual 
callus transferred for plant regeneration and facilitated 
the rapid growth and development of the calli. This system 
worked well with Labelle, Taipei 309, and Tetep. In 
conducting the experiments for comparing the effects of 
the two media on plant regeneration, special attention was 
paid to two aspects of the experiment design. First, there 
was no selection among the calli derived from protoplasts 
when the calli were transferred from the soft agarose 
medium to MMS-4 medium. It was thought that the plant 
regeneration frequency from unselected calli would give a 
better indication of the plant regeneration potential of 
the total calli derived from protoplasts than the 
frequency from calli selected for growth or appearance 
characteristics. Secondly, the experiments were conducted 
on a large scale. In each experiment about 2,000 Taipei
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309 protoplast-derived-calli were transferred from soft 
agarose medium to MMS-4 medium in 100 petri dishes
(experiment units) . More than 10% of the experiment units 
had plant regeneration frequencies above 80%. More than
5,000 plants were regenerated from the protoplasts
isolated from 6 grams of suspended calli. Only a few of 
the calli produced by protoplasts were used for plant 
regeneration. The major limitation factors were the time 
consumed in the subcultures involved in plant regeneration 
and the greenhouse space required for growing the plants. 
This system was also successfully adopted by Hayashimoto 
et al. for plant regeneration from transformed rice
protoplasts. Recently, by cooperation with Dr. N. Murai's 
laboratory, experiments were conducted for testing the 
efficiency of this system in plant regeneration of
transformed Taipei 309 protoplasts. The results were very 
promising. The plant regeneration frequencies from Taipei 
309 protoplasts transformed with the hygromycin gene were 
over 30%. Hundreds of transgenic plants were easily 
regenerated. The only limitations were still transfer time 
and greenhouse space. This level of efficiency will be 
very important when planned experiments to incorporate DNA 
from wild grass species, instead of cloned plasmid DNA, 
into rice protoplasts is conducted. Large numbers of 
plants must be screened for DNA segments with disease 
resistance genes from the wild species. The highly 
efficient plant regeneration rate will also be important
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for experiments using in vitro screening for disease 
resistance that are currently being carried out in our 
laboratory. The in vitro screening procedures 
significantly decrease the number of surviving calli and a 
large population of plants will be needed for field 
screening of regenerated plants.
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Table 1. Plating efficiency for callus formation of
protoplasts cultured for 2 weeks in beads of modified R2 
medium.
Plating efficiency
Cultivar (%)
Taipei 309 7.51 ± 0.43
Labelle 7.24 ± 2.21
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Table 2. Comparison of the frequency of plant regeneration 
from calli derived from Taipei 309 protoplasts and plated 
on two media.
Plant
Regeneration
regeneration
medium^/
Calli
forming 
green spots 
(%)
Calli with
green spots 
regenerating 
plants (%)
frequency 
from all 
calli (%)
Experiment 1:
MMS 46.1 a 82 .6 a 39.5
n6 19.8 b 20.0 b 4.0
LSDq . 05 7.1 8.9
Exoeriment 2:
MMS 58.8 a 75.8 a 44.5
n6 37.6 b 19.8 b 7.4
kSDo.os 10.2 9.3
MMS = modified Murashige and Skoog medium, N6 = the 
Ng medium developed by Chu et al. (3).
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Table 3. Comparison of the number of plants regenerated 
from Taipei 309 protoplast-derived-calli plated on two 
media.
Regeneratii
medium^/
on
Number
of
calli
plated
Number
of
plants
regenerated
Number 
of 
plants 
per callus 
plated
Number of 
plants 
regenerated 
per callus 
that regen.
Experiment is
MMS 2140 1958 0.92 2.32
N6 720 42 0.06 1.47
Experiment 2 :
MMS 1820 1966 1.08 2.43
N6 920 87 0.09 1.29
MMS = modified Murashige and Skoog medium, Ng = the 
N6 medium developed by Chu et al. (3).
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Table 4. The effect of two protoplast plating densities on 
plant regeneration from Taipei 309 calli from protoplasts.
Protoplast density 
(Protoplasts/ml)
Plant regeneration 
frequency 
(%)
MMS medium:
1 X 106 39.5
2 X 105 44.5
N6 medium:
1 X 106 4.0
2 X 105 7.4
MMS = modified Murashige and Skoog medium, N6 = the 
Ng medium developed by Chu et al. (3).
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Table 5. Plant regeneration frequency from calli derived 
from Labelle protoplasts.
Protoplasts of 
calli 
producing 
green spots
 m________
Calli with 
green spots 
regenerating 
plants
 m______
Plant 
regeneration 
frequency from 
all calli
 il1______
37.0 37.0 13.7
136
Table 6. The effect of media 
calli produced from Taipei 309
on plant regeneration from 
protoplasts.
Plant regeneration frequency
Medium (%)
MMS a/ 50.2 a
MR2 k/ 36.6 b
LSOo.OS 7.9
MS salts (11), 1 mg/1 vitamin Bl, 0.5 mg/1 vitamin
B6, 0.5 mg/1 nicotinic acid, 2 mg/1 glycine, 100 mg/1 
inositol, 0.5 g/1 CH, 4 mg/1 2,4-D, 30 g/1 sucrose, 
and 5 g/1 agarose.
R2 salts (12), 5 mg/1 vitamin Bl, 1 mg/1 vitamin B6, 
1 mg/1 nicotinic acid, 2 mg/1 glycine, 100 mg/1 
inositol, 2 mg/1 2,4-D, 30 g/1 sucrose, and 2.5 g/1 
agarose.
137
Figure 1. Labelle nurse cell line LRN1.
Figure 2. Labelle suspension cell line LRP1 used for 
isolation of protoplasts.
Figure 3. Taipei 309 cell line TRP1 used for isolation of 
protoplasts.
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Figure 4. Labelle protoplasts in the enzyme mixture after
incubation for 3 hours (x 268).
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Figure 5. Labelle protoplasts after plating in an agarose
bead (x 134).
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Figure 6. Labelle protoplasts after incubation in the
agarose beads for two days at 27°C (x 268) .
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Figure 7. Calli developing from Labelle protoplasts after
incubation in the agarose bead for 1 week at 27°C (x 134) .
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Figure 8-1. Calli developing from Labelle protoplasts
after incubation in the agarose bead for two weeks at 27°C
(x 268).
Figure 8-2. Calli developing from Taipei 309 protoplasts 
after incubation in the agarose beads for twelve days at
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Figure 9-1. Labelle protoplast-derived-calli after
culturing on the soft agarose medium for 1 week.
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Figure 9-2. Taipei 309 protoplast-derived-calli after 
culturing on the soft agarose medium for 10 days.
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Figure 10. Calli immediately after plating on MMS callus 
culture medium.
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Figure 11-1. Labelle calli after culturing on MMS callus 
culture medium for 20 days after transfer from soft 
agarose medium.
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Figure 11-2. Taipei 309 calli after culturing on MMS 
callus culture medium for 20 days after transfer from soft 
agarose medium.
Figure 12-1. Green plantlets regenerated from calli 
derived from Labelle protoplasts.
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Figure 12-2. Green plantlets regenerated from calli 
derived from Taipei 309 protoplasts.
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Chapter 6
EFFECTS OF ETHYL METHANE-SULFONATE (EMS)
ON VARIABILILTY IN SOMACULTURE OF RICE
Chapter summary
Calli derived from four cultivars, the United States 
long-grain cultivars Labelle and Lemont and the tissue 
culture stable cultivars Tetep and Taipei 309, were 
cultured on callus induction medium or plant regeneration 
medium containing 100 - 2000 ppm Ethyl Methane-sulfonate 
(EMS). The plant regeneration frequencies from calli 
treated at the plant regeneration stage decreased 
significantly, while calli treated at the callus induction 
and proliferation stage gave higher plant regeneration 
rates for all the cultivars tested. Mutations in four 
characteristics were evaluated in 3,013 R2 somaclonal 
lines derived from Tetep. Mutations in seven 
characteristics in 942 R2 lines of Taipei 309 were also 
evaluated. EMS significantly increased the mutation 
frequencies in somaclones for all the characteristics 
evaluated. Somaclonal variation frequency was increased by 
treating calli from tissue culture stable cultivars in 
callus induction medium without significantly affecting 
plant regeneration frequency. The enhanced variation would 
certainly be useful in a breeding program utilizing 
somaclonal variation.
156
157
INTRODUCTION
The success of a program to breed for disease 
resistance is mainly dependent on the availability of 
suitable resistance sources and the effectiveness of the 
selecting procedures. Since Carlson (2) first demonstrated 
that disease resistance could be generated through tissue 
culture and selected by screening in vitro. many 
experiments were carried out in this area (3). In order to 
apply in vitro screening techniques, it is necessary that 
mutations be generated at high frequencies under the in 
vitro conditions. When variation is high, somaclonal 
variation would fulfill this requirement as the variants 
are produced in cells growing under in vitro conditions. A 
large population of cells is available if a satisfactory 
selection procedure has been developed. Gavazzi et al. 
reported that somaclonal variation frequencies in tomato 
for most characteristics were higher than those caused by 
the chemical mutagen EMS (4) . Varies-Paterson et al. 
compared the effect of gamma irradiation and somaculture 
on inducing mutation for resistance of tomato to 
Clavibacter michiaanensis (19). Somaculture induced the 
variation at a higher frequency than irradiation. However, 
the reaction of different genotypes of rice to somaculture 
was different (20). Somaclonal variation was easily 
induced with rice cultivars such as Labelle and Lemont, 
but the cultivars Tetep and Taipei 309 showed little or no 
variation in somaculture. Development of a method for
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increasing variation frequency in somaculture would be 
very helpful in breeding rice for disease resistance. 
Incorporation of mutagens into the culture procedures may 
increase the mutation rate in somaculture. By treating the 
cultured cells with EMS and screening in vitro. Carlson 
(2) succeeded in regenerating tobacco plants resistant to 
Pseudomonas tabaci. The same phenomena were observed by 
other researchers (6, 9, 13, 18) . Sung (18) reported that 
incorporation of EMS into somaculture increased the 
mutation frequency on the average by one order of 
magnitude.
EMS has long been known to be an effective mutagen 
for inducing mutations in rice when seeds or seedlings 
were treated (5, 7, 10, 11, 12, 14, 15, 16, 17).
Incorporation of EMS into rice somaculture media may 
increase the variation frequency, however, the negative 
effects of EMS on somaculture might decrease the number of 
plants regenerated. A system that would allow the 
incorporation of EMS into the culture procedures without 
significantly affecting the regenerating ability of the 
calli would be ideal. The objectives of this research were 
to (1) establish a method of incorporating EMS into rice 
somaculture medium without affecting plant regeneration 
and (2) evaluate the effect of EMS on increasing the 
frequency of somaclonal variation in tissue culture stable 
cultivars of rice.
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MATERIALS AND METHODS 
Two tissue culture variable United States long-grain 
cultivars, Labelle and Lemont, and two tissue culture 
stable cultivars, the indica cultivar Tetep and the 
japonica cultivar Taipei 309 were used in these 
experiments. The method of regenerating rice somaclones 
was developed by Cao et al. (1) . The explant source for 
calli was immature panicle pieces cut from 1 to 5 cm 
panicles removed from the boot using sterile technique. 
The 0.5 to 1 cm panicle pieces were plated on Murashige 
and Skoog medium with 4 ppm 2,4-D (MS-4) for callus
induction. Explants were cultured in the dark at 28°C for 
about 30 days. Calli were divided and separated in each
petri dish and allowed to develop for another 15 to 30
days. Then, the calli were divided again and transferred
to media with different concentrations of EMS and 
incubated for 10 days. The calli were treated using two 
procedures, that is transfer to the callus induction 
medium at the callus proliferation stage or transfer to 
plant regeneration medium. The plant regeneration (PR)
medium was MS medium without 2,4-D and supplemented with 
0.5 ppm indole-3-acetic acid (IAA) and 0.8 ppm 6- 
benzylaminopurine (BA). Different concentrations of EMS 
were added to either the MS-4 medium for callus induction 
or to PR medium after autoclaving. EMS stock solutions 
were added to 200 ml molten medium in 500 ml flasks kept 
in a water bath at 45°C until plates were poured. The EMS
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solution was pipetted directly into each flask of medium 
in a hood using a micropipettor.
When plating calli onto media with EMS, each callus 
was divided into several small pieces based on the number 
of the treatments involved in that experiment, and pieces 
of the same callus were plated evenly on media of all the 
treatments. Calli on PR medium were cultured under a 16 h 
light and 8 h dark regime at 28°C. After exposing the 
calli on media with EMS for 10 days, the calli were 
transferred to fresh PR medium without EMS and were 
subcultured once a month until developing plantlets were 5 
to 7.5 cm long with a root system satisfactory for 
transplanting into soil in pots in the greenhouse. A 
mixture of 1 sand:2 soil:1 peat moss was used to grow the 
plants. Plant regeneration by the treated and untreated 
calli was recorded to compare the effects of different EMS 
treatments on plant regeneration. Seeds were harvested 
from each R^ plant in the greenhouse. R 2 lines were 
planted in the field at the LSU Rice Research Station at 
Crowley, LA. Tetep R2 lines regenerated from EMS 
treatments at the plant regeneration stage were planted in 
the 1988 rice growing season. Tetep T2 lines regenerated 
from EMS treatments at the callus proliferation stage were 
planted in the 1989 season. Taipei 309 R2 lines were 
planted in the 1990 season. Each line was planted in a 
single 5-foot row with a 10 inch spacing between rows. 
About 40 seeds were planted in each row. There were
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approximately 15 plants in each row. One control row (seed 
from the parent cultivars) was planted for every twenty R2 
lines. Awn production, resistance to lodging, days to 
heading, and plant height, were evaluated from Tetep lines 
to compare the effects of EMS on frequency of somaclonal 
variation. Tetep is awnless and lodges easily. Days to 
heading, plant height, albinism, yellow leaf mutation, 
genetic leaf spot, plant type, and grain shape and size 
were evaluated in the Taipei 309 somaclones. Three 
thousand and thirteen Tetep lines and 942 Taipei 309 lines 
were evaluated in the field for variation.
RESULTS AND DISCUSSION 
Effect of EMS treatment on plant regeneration from Tetep 
and Taipei 309 calli:
Significant differences in plant regeneration 
frequency were observed with the two different EMS 
treatments (Tables 1 and 2) . The regeneration frequencies 
from calli treated at the plant regeneration stage 
decreased significantly when EMS concentrations were 
increased in the media. The regeneration frequency of 
Tetep decreased more than 50% at 500 ppm EMS. At 1500 ppm 
EMS, the regeneration frequency was close to zero (Table
1) . Taipei 309 was a little more tolerant to EMS, but at 
2000 ppm EMS, the regeneration frequency dropped to less 
than 5% of that from untreated calli (Table 2) . Calli 
treated at the callus proliferation stage had higher plant
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regeneration rates. Regeneration frequencies with Tetep 
only dropped significantly after EMS concentrations were 
above 1000 ppm (Table 1) . Taipei 3 09 regeneration 
frequencies were not significantly different from that of 
untreated calli across all EMS concentrations (Table 2).
Regeneration frequencies of calli treated with EMS at 
the same rates but at different stages in the somaculture 
process were compared (Tables 1 and 2) . For both
cultivars, calli from the untreated controls at the callus 
proliferation stage had higher plant regeneration 
frequencies than those of calli from control treatments at 
the plant regeneration stage. This may have been caused by 
the extra 10 days of callus growth in fresh MS-4 medium. 
However, the differences were not significant in both 
cases. At 500 ppm of EMS the regeneration frequency of 
Tetep calli in the callus proliferation treatment was
significantly higher than that of calli in the plant 
regeneration treatment. At the higher rates of EMS
treatment, the regeneration frequencies of calli in the 
callus proliferation treatment were all higher than those 
of calli in the plant regeneration treatments, however, 
the differences were not significant at the 0.05
probability level (Table 1) . With Taipei 309 the 
regeneration frequencies of the calli in the callus 
proliferation treatment were significantly higher than 
those of the calli in the plant regeneration treatment for 
all the EMS rates tested (Table 2) . In most cases, the
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higher the EMS concentration, the larger the difference. 
Effects of EMS concentration on plant regeneration:
The range of EMS concentrations used in this
experiment varied from 0 to 2000 ppm. For most treatments, 
the higher the EMS concentration, the lower the plant 
regeneration frequency from treated calli (Tables 1 and
2). However, the effects of EMS on plant regeneration from 
surviving calli were different than total regeneration 
frequency (Table 3) . The calli that survived high
concentrations of EMS usually had higher plant
regeneration frequency than calli treated at lower 
concentrations. For example, the number of calli capable 
of regenerating plants from Tetep treated with 1500 ppm 
EMS at the callus proliferation stage was only about 20% 
of that of the untreated control (Table 1), but the number 
of plants regenerated from that treatment was 85% of that 
of the control (Table 3). The calli surviving from 
treatments with 1500 ppm EMS or more had a higher plant 
regenerating ability than the untreated calli (Tables 1,
2, and 3). It seemed that EMS treatment had a stimulating 
effect on plant regeneration ability in surviving calli.
At low EMS concentrations, the effect of EMS on 
regenerating ability was not clear.
The effect of different EMS on callus survival and plant 
regeneration from tissue culture variable cultivars:
Lemont was the most sensitive cultivar to EMS 
treatment. When treated with concentrations of EMS above
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500 ppm at the plant regeneration stage, no calli survived 
(Table 4). Labelle was also sensitive to EMS treatment at 
the plant regeneration stage (Table 4) . The reaction of 
these cultivars to EMS treatment at the callus 
proliferation stage was interesting. The number of plants 
regenerated from some treatments decreased significantly 
compared to those of the untreated controls, while the 
number of plants regenerated from other treatments
increased significantly compared to the treatments without 
EMS (Table 4) . Whether these phenomena were caused by the 
stimulating effect of EMS on surviving calli or by
favorable mutations in the calli should be studied
further. The same phenomenon was observed by Zapata et al. 
when regenerating plants from calli treated with gamma 
irradiation (21).
The effect of EMS on variation in somaclones of Tetep:
Variation in awn production is common in rice 
somaclones. Tetep does not normally have awns and it did 
not produce awns in this test without passing through 
somaculture (Tables 5 and 6) . About 17% of the control
somaclonal lines produced awns in the plant regeneration 
stage treatment (Table 5) . Somaclones regenerated from 
most EMS treatments showed higher variation frequencies 
for awn production than the control somaclones. None of 
the somaclones regenerated from the treatment with 1500 
ppm EMS had awns. This might be due to the small number of 
plants regenerated in that treatment (Table 5). The
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variation frequency for control somaclones in the callus 
proliferation stage treatments was only 1.9% (Table 6). 
For most treatments at this stage, the higher the EMS 
concentration, the higher the variation frequency. The 
2000 ppm EMS treatment, had a lower variation frequency 
than somaclones in some .treatments with lower EMS 
concentrations.
Effect of EMS treatments on variation for resistance to 
lodging:
Tetep is resistant to the three major rice diseases; 
blast, bacterial leaf blight, and sheath blight. However, 
the agronomic characteristics of this cultivar are poor 
and one of the major problems is its susceptibility to 
lodging. Variation for resistance to lodging was very rare 
from somaclonal variation. In this experiment 1,098 
somaclonal lines generated without EMS treatment were 
tested and none of them were resistant to lodging (Tables 
5 and 6) . Of the somaclones field tested, 999 were 
regenerated from treatments with EMS concentrations of 100 
and 500 ppm. None of these somaclones showed variation for 
lodging resistance. The resistant lines only occurred in 
the treatments with EMS concentrations of 1000 ppm or more 
and the higher the EMS concentration, the higher the 
variation frequency (Tables 5 and 6). High concentrations 
of EMS played a significant role. Eleven percent of the 
somaclones were resistant to lodging when treated with 
2000 ppm EMS in the callus proliferation stage.
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Effect of EMS treatments on variation for days-to-heading:
The average number of days-to-heading from R 2 lines 
in each treatment and the coefficient of variation (CV) 
are listed in Tables 7 and 8. These tables also show the 
percentage of lines with changes in the number of days-to- 
heading. A line was considered mutated if segregation was 
observed withing the line or if the difference in days-to- 
heading between the line and the nearest control was 
statistically significant at the 0.001 probability level. 
The standard deviation calculated from the Tetep lines was 
used for testing the significance of the difference. Based 
on the data from this experiment, somaculture alone had 
the general effect of reducing the time to heading for 
most of the somaclones regenerated from the treatments 
without EMS (Tables 7 and 8) . The number of days-to- 
heading from the somaclones decreased significantly, but 
there was little variation among the lines. The somaclones 
in both control treatments were 4 to 5 days earlier than 
those of Tetep cultivar. The coefficients of variation 
from both control treatments were only slightly larger 
than those of Tetep. This indicated that the effect was a 
general effect that occurred in most of the somaclones. 
The distributions of the control lines and the Tetep rows 
further confirmed this assumption (Tables 9 and 10) . Most 
somaclonal lines from both control treatments had the 
days-to-heading earlier than those of the Tetep rows 
(Tables 9 and 10) . The effect of EMS, however, was
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different from that of somaculture. EMS treatment 
increased the variation among lines from each treatment 
and, in general, the higher the EMS concentration, the 
larger the CV and the higher the percentage of mutated 
lines (Tables 7 and 8) . This effect was specific as 
mutations only occurred on certain lines. In general, the 
somaclones in all EMS treatments had more scattered 
distributions for days-to-heading than the somaclones from 
control treatments (Tables 9 and 10).
The effect of somaculture on variation in day-to- 
heading for Taipei 309 was different from that of Tetep. 
Where somaculture had the general effect of reducing time 
to heading in Tetep somaclones it had only a slight effect 
on days-to-heading for Taipei 309. Although the CV for 
somaclones from both control treatments were slightly 
larger than those of the cultivar, no lines in the control 
treatment at the plant regeneration stage had days-to- 
heading significantly different from those of the cultivar 
(Table 11) , and less than 3% of lines in the control 
treatment at the callus proliferation stage had days-to- 
heading significantly different from the cultivar (Table 
12) . EMS treatments had the general effect of decreasing 
the number of days-to-heading (Tables 11 and 12) and a 
significant effect on increasing variation for days-to- 
heading. Most EMS treatments had CV's larger than those of 
the control treatments. The different EMS concentrations 
had little effect on the variation frequencies (Tables 11
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and 12) , although most treatments with high EMS 
concentrations did have more scattered distributions 
(Tables 13 and 14).
Effects of EMS treatments on plant height:
Another major problem of the Tetep cultivar is that 
it grows too tall. Decreasing the plant height of Tetep 
would make the cultivar of more use to rice breeders. The 
mean plant height of Tetep plants and R 2 lines from each 
treatment and the corresponding CV's are listed in Tables 
15 and 16. The mean heights of the somaclones from both 
control treatments were shorter than those of Tetep and 
the corresponding CV's were not much larger than those of 
the cultivar (Tables 15 and 16). The distributions of the 
R2 lines for plant height showed that most lines from the 
two control treatments were shorter than those of Tetep 
(Tables 17 and 18). EMS treatments increased the variation 
among lines. A positive relationship occurred between EMS 
concentration and the CV for EMS treatments at both stages 
(Tables 15 and 16) . However, the direction of variation 
was unidirectional as all the variants were shorter than 
Tetep. The between lines variances (S2B) were 
significantly increased by the application of EMS and were 
increased with increasing EMS concentration (Tables 15 and 
16). The effects of EMS treatments on within line variance 
(S2W) were not very uniform. For most treatments, the
application of EMS increased the variance, and higher
concentrations of EMS usually gave larger within line
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variances. About 40% of the R2 lines from EMS treatments 
at the callus proliferation stage at the rate of 2000 ppm 
were shorter than Tetep (Tables 16 and 18) . This showed 
that treatment with EMS did cause variation for shorter 
plants.
Somaculture also had the general effect of decreasing 
plant height in Taipei 309. The average plant heights from 
both control treatments were 5 to 6 cm shorter than 
heights of the cultivar (Tables 19 and 20). However, none 
of the somaclonal lines from the control treatment at the 
plant regeneration stage had a plant height significantly 
different from that of the control lines. About 2% of the 
lines from the control treatment at the callus 
proliferation stage were significantly different from the 
height of the parent cultivar. EMS treatments
significantly increased the frequency of variation for 
plant height (Tables 19 and 20) . The CV's for somaclones 
from all the EMS treatments were larger than those of 
somaclones from control treatments. As EMS concentration 
increased the CV also increased. The distributions of 
lines for plant height are listed in Tables 21 and 22. The 
somaclonal lines from EMS treatments had more scattered 
distributions (Tables 21 and 22) . Dwarf lines occurred in 
treatments with high concentrations of EMS at the callus 
proliferation stage (Table 21). EMS treatments at 1500 and 
2000 ppm at the callus proliferation stage gave a few 
plants with heights around 40 cm or about 65 cm shorter
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than the parent cultivar.
Other mutant characteristics from EMS treatments:
Variation was observed in five other characteristics 
from the EMS treatments (Table 23). All the mutations 
occurred within lines regenerated from EMS treatments. 
Higher concentrations of EMS increased the amount of 
variation. Variation for changes in plant type and for 
genetic leaf spots only occurred in lines regenerated from 
EMS treatment at 1500 and 2000 ppm (Table 23).
The effect of EMS treatment on the tissue culture 
variable cultivars Labelle and Lemont was to severely 
reduce callus survival and plant regeneration. This may 
have been due to an increase in mutation rate and the 
concomitant increase in deleterious mutations. Reduced EMS 
concentrations did allow more callus to survive and a few 
more plants to be regenerated.
By incorporating EMS into callus induction medium at 
an appropriate concentration, we could minimize the 
inhibitory effect of EMS on plant regeneration in tissue 
culture stable cultivars and increase the variation 
frequency significantly.
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Table 1. Comparison of plant regeneration frequencies from 
Tetep calli treated with EMS at the callus proliferation 
or plant regeneration stages of the somaculture process.
Concentration EMS treatment stacre^/ t test
of EMS Callus Plant of
(ppm) proliferation13/ regeneration13/ significance0/
0 42.5 a 35.0 a 0.61
500 48.7 a 16.3 ab 3.25**
1000 36.7 a 10.9 b 2.13
1500 9.5 b 0.8 b 1.74
2000 5.3 b 0.0 b 2.04
LSDq.05 17.8 19.5
^/ Data given as mean percent plant regeneration.
Means in columns followed by the same letter were not 
significantly different at the 0.05 level of probability.
The t value marked with two asterisks indicated that 
the two means in that row were significantly different at 
the 0.01 level of probability.
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Table 2. Comparison of plant regeneration frequencies from 
Taipei 309 calli treated with EMS at the callus 
proliferation or plant regeneration stages of the 
somaculture process.
Concentration EMS treatment staged t test
of EMS Callus Plant of
(ppm) proliferation*3/ regeneration*5/ significance0/
0 57.3 a 40.3 a 1.88
500 48.4 a 29.0 ab 2.62*
1000 50.9 a 22.0 b 3.92**
1500 56.4 a 6.6 c 10.42**
2000 44.1 a 1.6 c 8.39**
LSDq .05 13.8 14.4
^/ Data given as mean percent plant regeneration, 
k/ Means in columns followed by the same letter were not 
significantly different at the 0.05 level of probability. 
^/ The t value marked with one asterisk showed that the 
two means in that row were significantly different at the 
0.05 level of probability, values marked with two 
asterisks were significantly different at the 0.01 level.
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Table 3. Percent regeneration of plants obtained from 
Tetep and Taipei 309 as a function of culture stage and 
EMS concentration.
Culture 
Cultivar stage 0
EMS concentration
500 1000 1500 2000
Tetep callus induction/ 
proliferation
100 79.8 129.9 84.9 43.9
plant regeneration 100 35.0 13.5 6.7 0.0
Taipei callus induction/ 
proliferation
100 88.4 93.6 155.6 150.8
309 plant regeneration 100 100.4 97.0 32.9 10.4
^  Calli were exposed to EMS for 10 days. Plant 
regeneration from untreated callus control was considered 
to be 100 percent and data from EMS treatments are 
percentage of the control.
174
Table 4. Comparison of regeneration of Labelle and Lemont 
plants from media with or without EMS treatment.
EMS; concentration foom^^/
Cultivar Medium 0 (CK) 100 500 1000 1500
Labelle callus induction 100 62.5 208.3 2.1 677.1
proliferation
plant regeneration 100 18.8 21.2 0 0
Lemont callus induction/ 100 0 0 272.4 0
proliferation
plant regeneration 100 29.3 0 0 0
^  Calli were exposed to EMS for 10 days. Plant 
regeneration from untreated callus control was considered 
to be 100 percent and data from EMS treatments are 
percentage of the control.
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Table 5. The effect of incorporating EMS into the plant
regeneration medium on frequency of somaclonal variation
in Tetep for awn production and resistance to lodging.
Concentration Number Lines Lines
of EMS of R2 producing awns resistant to
(ppm) lines (%) lodging (%)
Tetep 55 0.0 0.0
(cultivar control)
0 990 16.8 0.0
100 361 43.2 0.0
500 638 30.6 0.0
1000 209 22.5 5.3
1500 35 0.0 5.7
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Table 6. The effect of incorporating EMS into the callus
induction medium on frequency of somaclonal variation in
Tetep for awn production and resistance to lodging.
Concentration Number Lines Lines
of EMS of R2 producing awns resistant to
(ppm) lines (%) lodging (%)
Tetep 63 0.0 0.0
(cultivar control)
0 108 1.9 0.0
500 77 1.3 0.0
1000 292 16.1 2.4
1500 139 23.0 2.9
2000 46 6.5 10.9
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Table 7. The effect of incorporating EMS into the plant
regeneration medium on somaclonal variation for days-to-
heading in Tetep rice.
Concentration Number Mean Coefficient Lines with
of EMS of R2 days-to of variation mutations
(ppm) lines -heading (%) (%)
Tetep 55 99.6 2.40 0.0
(cultivar control)
0 968 93.8 3.10 2.1
100 345 95.1 3.82 2.6
500 591 96.0 4.53 7.1
1000 205 95.6 4.38 10.2
1500 35 95.7 5.25 31.4
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Table 8. The effect of incorporating EMS into the callus
induction medium on somaclonal variation for days-to-
heading in Tetep rice.
Concentration Number Mean Coefficient Lines with 
of EMS of R2 days-to of variation mutations
(ppm) lines -heading (%) (%)
Tetep 62 96.8 2.41 0.0
(cultivar control)
0 107 92.3 3.70 3.7
500 89 90.4 3.85 9.0
1000 287 93.1 5.71 9.4
1500 145 92.7 4.32 8.3
2000 47 93.9 5.77 6.4
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Table 9. The effect of incorporating EMS into the plant
regeneration medium on percent distribution of Tetep R2
somaclonal lines for days-to-heading.
Concentration 
of EMS (ppm) 89 94
Davs-to-headina 
99 104 109 114 119
Tetep 10.4 70.8 18.8
(cultivar control)
0 0.1 20.6 66.6 11.0 1.7
100 6.1 72.9 15.7 2.9 2.0 0.3
500 1.0 9.5 55.0 23.7 8.8 1.9 0.2
1000 13.2 50.2 26.8 9.3 0.5
1500 34.2 22.9 28.6 11.4 2.9
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Table 10. The effect of incorporating EMS into the callus
induction medium on percent distribution of Tetep R2
somaclonal lines for days-to-heading.
Concentration
of EMS (ppm) 84 89 94
Davs-
99
to-headina 
104 109 114 119 124
Tetep 46.8 48.4 4.8
(cultivar control)
0 31.8 62.6 3.7 0.9 0.9
500 3.4 60.7 29.2 5.6 1.1
1000 1.4 39.7 42.2 10.5 3.1 2.1 0.3 0.3 0.3
1500 37.2 53.8 4.8 3.4 0.7
2000 42.6 34.0 10.6 8.5 2.1 0.0 2.1
181
Table 11. The effect of incorporating EMS into the plant
regeneration medium on somaclonal variation for
days-to-heading in Taipei 309 rice.
Concentration Number Mean Coefficient Lines with 
of EMS of R2 days-to of variation mutations
(ppm) lines -heading (%) (%)
Taipei 309 34 85.6 3.11 0.0
(cultivar control)
0 44 85.8 5.02 0.0
500 33 87.4 4.94 12.1
1000 64 88.3 7.37 12.5
1500 16 88.1 6.56 12.5
2000 14 87.3 7.37 14.3
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Table 12. The effect of incorporating EMS into the callus
induction medium on somaclonal variation for
days-to-heading in Taipei 309 rice.
Concentration Number Mean Coefficient Lines with 
of EMS of R2 days-to of variation mutations
(ppm) lines -heading (%) (%)
Taipei 309 73 84.4 1.59 0.0
(cultivar control)
0 40 85.8 3.15 2.6
500 190 88.7 5.69 27.4
1000 101 89.4 5.83 28.7
1500 178 89.5 5.94 25.8
2000 155 89.3 8.23 25.2
183
Table 13. The effect of incorporating EMS into the callus
induction medium on percent distribution of Taipei 309 R2
somaclonal lines for days-to-heading.
Concentration Davs-to-heading
Of EMS (ppm) 77 83 89 95 101 107 113 119
Taipei 309 94.6 5.4
(cultivar control)
0 57.5 40.0 2.5
500 44.5 34.6 14.7 6.3
1000 1.9 37.7 41.5 13.2 4.7 0.9
1500 37.1 38.8 17.6 5.3 1.2
2000 1.3 32.5 41.6 14.9 4.5 0.6
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Table 14. The effect of incorporating EMS into the plant
regeneration medium on percent distribution of Taipei 309
R2 somaclonal lines for days-to-heading.
Concentration Davs-to-heading
Of EMS (ppm) 79 85 91 97 103 109
Taipei 309 8.8 82.4 8.8
(cultivar control)
0 25.6 48.8 20.9 4.7
500 12.1 57.6 24.2 6.1
1000 18.8 43.8 18.8 6.3 10.9
1500 18.8 37.5 31.3 6.3 6.3
2000 35.7 28.6 28.6 0.0 7.1
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Table 15. The effect of incorporating EMS into the plant
regeneration medium on somaclonal variation for plant
height in Tetep rice.
Concentration Number Mean Coefficient Lines
of of plant of sBa/ c VSW with
EMS *2 height variation mutation
(ppm) lines (cm) (%) (%)
Tetep 55 152.5 4.73 22.7 52.6 0.0
(cultivar control)
0 961 144.8 4.95 21.8 50.3 1.7
100 334 143.3 6.45 58.3 58.2 2.6
500 635 138.9 8.91 94.4 74.5 12.9
1000 197 138.7 8.46 90.0 66.7 9.6
1500 35 137.4 9.43 132.4 70.6 8.6
Between line variance, 
k/ within line variance.
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Table 16. The effect of incorporating EMS into the callus
induction medium on somaclonal variation for plant height
in Tetep rice.
Concentration Number Mean Coefficient Lines
of of plant of sBa/ q b/sw with
EMS height variation mutation
(ppm) lines (cm) (%) (%)
Tetep 67 150.3 5.04 45.5 35.2 0.0
(cultivar control)
0 108 136.5 6.20 43.1 41.6 7.4
500 77 134.7 6.72 71.7 34.2 15.6
1000 292 135.0 9.06 91.0 77.8 9.6
1500 139 135.0 9.81 139.6 96.8 18.0
2000 46 122.0 10.07 137.4 41.8 41.3
^  Between line variance, 
within line variance.
Table 17. The effect of incorporating EMS into the plant
regeneration medium on percent distribution of Tetep R2
somaclonal lines for plant height.
Concentration Plant height
of EMS (cm)
(ppm) 80 90 100 110 120 130 140 150 160 170
Tetep 15.7 49.0 29.4 5.4
:ultivar control)
0 0.6 7.9 42.8 40.5 6.1 3.1
100 0.6 1.7 2.6 14.2 35.3 41.0 5.1
500 0.2 0.3 0.8 4.3 6.8 19.5 35.2 27.0 5.9
1000 1.4 3.9 10.6 17.9 39.6 21.3 5.3
1500 5.7 0.0 2.9 31.4 34.3 20.0 5.7
Table 18. The effect of incorporating EMS into the callus
induction medium on percent distribution of Tetep R2
somaclonal lines for plant height.
Concentration Plant height
of EMS (cm)
(ppm) 70 80 90 100 110 120 130 140 150 160 170
Tetep
(cultivar control) 
0
500
1000 0.3 1.4
1500 0.7 0.0 0.0
2000 2.2 0.0 0.0
0.9 1.9 7.4 25.9
1.3 0.0 15.5 29.9
2.1 3.8 7.5 32.2
2.2 6.5 11.5 23.0
0.0 21.7 41.3 23.9
20.6 46.0 31.8 1.6
47.2 16.7
41.6 9.1 2.6
34.6 14.4 2.7 1.0
34.5 14.4 5.8 1.4
8.7 2.2
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Table 19. The effect of incorporating EMS into the callus 
induction medium on somaclonal variation for plant height 
in Taipei 309 rice.
Concentration Number Mean plant Coefficient Lines with
of EMS of height of variation mutation
(ppm) lines (cm) (%) (%)
Taipei 309 72 105.8 3.77 0.0
(cultivar control)
0 40 100.9 5.91 0.0
500 195 98.7 8.27 12.8
1000 105 99.2 11.00 12.4
1500 184 99.1 13.37 15.2
2000 157 98.4 12.04 11.5
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Table 20. The effect of incorporating EMS into the plant
regeneration medium on somaclonal variation for plant
height in Taipei 309 rice.
Concentration Number Mean plant Coefficient Lines with
of EMS of height of variation mutation
(ppm) lines (cm) (%) (%)
Taipei 309 34 109.2 4.48 0.0
(cultivar control)
0 45 103.4 4.86 2.2
500 33 102.2 5.23 3.0
1000 61 101.2 7.28 1.6
1500 16 101.1 7.73 6.3
2000 14 98.6 8.70 7.1
Table 21. The effect of incorporating EMS into the callus
induction medium on percent distribution of Taipei 309 R2
somaclonal lines for plant height.
Concentration Plant height
of EMS (cm)
(ppm) 40 50 60 70 80 90 100 110 120
Taipei 309 43.2 56.8
(cultivar control)
0 15.0 52.5 32.5
500 0.5 1.5 3.1 21.1 52.6 19.1 2.1
1000 1.9 0.9 0.9 0.9 9.4 47.2 34.0 4.7
1500 1.1 1.1 1.1 2.2 4.9 9.8 48.4 28.3 2.7
2000 0.6 1.3 1.3 3.2 1.3 10.2 54.8 26.8 0.6
130
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Table 22. The effect of incorporating EMS into the plant
regeneration medium on percent distribution of Taipei 309
R2 somaclonal lines for plant height.
Concentrat ion 
of EMS 
(ppm) 60 70 80
Plant height 
(cm)
90 100 110 120
Taipei 309 17.6 64.7 17.6
(cultivar control)
0 6.4 51.1 40.4 2.1
500 12.2 57.6 30.3
1000 1.6 0.0 0.0 6.5 62.9 27.4 1.6
1500 6.3 25.0 31.3 37.5
2000 7.1 14.3 57.1 21.4
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Table 23. The effect of incorporating EMS into the callus 
induction medium on somaclonal variation in Taipei 309.
Concentration Percent of plants with mutations
of EMS Albinism Yellow Genetic Plant Small
(ppm) leaf leaf spot type grain
Taipei 309 0.0 0.0 0.0 0.0 0.0
(cultivar control)
0 0.0
o•o 0.0 0.0 0.0
500 6.2 0.5 0.0
o•o 0.0
1000 4.8 1.9 0.0
o•o 0.0
1500 00 • to 1.1 1.1 0.5 0.0
2000 3.2 3.2 0.0 3.2 1.3
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APPENDIX 1
Components of media used in suspension culture:
Constituents Murashige-Skoog 
(mg/1) (MS)
Modified MS 
(MMS)
Modified R2 
(MR2)
nh4 no3 1650 1650 -
(NH4 )2 S04 - - 330
KN03 1900 1900 4000
kh2 po4 170 170 -
NaH2 P04 .H20 - - 300
MgS04 .7H20 370 370 250
CaCl2 •2 H2 0 440 440 150
FeS04 .7H20 27.8 27.8 13.9
Na2.EDTA 37.4 37.3 18.65
H 3 BO3 6 . 2 6 . 2 3.0
MnSO.H20 - - 1 . 6
MnSO.4H2 22.3 22.3 -
ZnS04 .7H20 1 0 . 6 1 0 . 6 2.3
Na2Mo04 .2H20 0.25 0.25 0.125
CuS04 .5H20 0.025 0.025 0.13
KI 0.83 0.83 -
CoC12 .5H20 0.025 0.025 -
Thiamine.HC1(B1) 0.5 1 . 0 1 0 . 0
Pyridoxine.HC1(B6 ) 0.5 0.5 1 . 0
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Appendix 1 (Continued)
Components of media used in suspension culture:
Constituents Murashige-Skoog 
(mg/1) (MS)
Modified MS 
(MMS)
Modified R2 
(MR2)
Nicotinic acid 0.5 0.5 1 . 0
Inositol 100.0 1 0 0 . 0 1 0 0 . 0
Glycine 2.0 2 . 0 2 . 0
Casein hydrolysate 500.0 2 0 ,0 0 . 0 3,000.0
Sucrose 30,000.0 30,000.0 30,000.0
2,4-D 4.0 4.0 2 . 0
pH = 5.8 5.8 5.8
APPENDIX 2
Media used in the protoplast culture system:
1. Medium used for suspension culture of cell lines for 
protoplast isolation: MMS medium (Appendix 1).
2. Medium used for suspension culture of nurse cell lines: 
MR2 medium (Appendix 1) .
3. Enzyme solution used for isolation of protoplasts:
Consitituent Concentrat ion
Cellulase (Sigma C-0901) 40.Og/1
Pectinase (Sigma P-2401) 1 0 .0 g/l
Mannitol 0.4 M
pH = 5.8
4. Washing solution for washing protoplasts: KMC solution.
Constitutents Concentration
KC1 0.350M
MgCl2 0.245M
CaCl2 0.254M
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Appendix 2 (continued)
5. Media used in protoplast culture: (modified R2 media)
Constituent Suspension Embedding Soft agarose
medium medium medium
R2 macro components •e
NaH2 P04 XH20 0.30g/l 0.30g/l 0.30g/l
kno3 4.0 0 g/l 4.0 0 g/l 4.0 0 g/l
CaCl2X2H20 0.15g/l 0.15g/l 0.15g/l
MgS04 X7H20 0.25g/l 0.25g/l 0.25g/l
(NH4 )S04 0.33g/l 0.33g/l 0.33g/l
R2 micro components ••
H 3BO3 3.0 0 mg/l 3.0 0 mg/l 3.0 0 mg/l
MnS04 XH20 1.60mg/l 1.60mg/l 1.60mg/l
ZnS04 X7H20 2.30mg/l 2.30mg/l 2.30mg/l
Na2Mo04 X2H20 0.13mg/l 0.13mg/l 0.13mg/l
CuS04 X5H20 0.13mg/l 0.13mg/l 0.13mg/l
Iron:
Na2XEDTA 1 0 .0 0 mg/l 1 0 .0 0 mg/l 18.65mg/l
FeS04 X7H20 7.45mg/l 7.45mg/l 13.90mg/l
Vitamin:
B1 2 .0 0 mg/l 2 .0 0 mg/l 2 .0 0 mg/l
B6 1 .0 0 mg/l 1 .0 0 mg/l 1 .0 0 mg/l
Nicotinic acid 1 .0 0 mg/l 1 .0 0 mg/l 1 .0 0 mg/l
i
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Appendix 2 (continued)
5. Media used in protoplast culture: (modified R2 media)
Constituent Suspension
msdium
Embeding Soft agarose 
medium medium
Glycine 
Inositol
Other components:
Sucrose
2,4-D 
Agarose
pH = 5.8
2 .0 0 mg/l 
1 0 0 .0 0 mg/l
0.4M 
2 .0 0 mg/l
2 .0 0 mg/l 
1 0 0 .0 0 mg/l
0.4M 
2 .0 0 mg/l 
1 2 .0 0 g/l
5.8
2 .0 0 rag/l 
1 0 0 .0 0 mg/l
30.00g/l 
2 .0 0 mg/l 
2.50g/l
5.8
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Appendix 2 (continued)
6 . Media used in plant regeneration of protoplast derived 
calli: (modified MS media)
Constituent
regeneration
Callus culture Plant
medium medium
MS inorganic salts 
Vitamins:
B1
B6
Nicotinic acid
Glycine
Inositol
Other components:
Casien hydrolysate
Sucrose
2,4-D
IAA
BA
Agarose
4.3g/l
1 .Omg/ 1  
0.5mg/l
0.5mg/l 
2 .Omg/ 1  
1 0 0 .Omg/ 1
0 .5g/l 
30.Og/1 
4.0 g/l
5.0 g/l 
pH = 5.8
4.3g/l
1 .0 mg/l 
0 .5mg/l 
0 .5mg/l 
2 .0 mg/l 
1 0 0 .0 mg/l
0 .5g/l 
30.0g/l
0 .5g/l 
1 .0 g/l 
8 .0 g/l 
5.8
Appendix 3
Procedures used for protoplast culture:
1 . Callus induction:
(1) Collection of the explants (immature panicles in the 
boots):
Grow about 60 rice plants of each cultivar in the 
greenhouse. When the flag leaf blades of a few plants from 
a cultivar are fully extended, which usually indicates 
that the flag leaves of most plants from that cultivar are 
emerging, collect the boots from plants whose flag leaf 
blades are not extended fully by cutting the rice stem at 
the base of the plant. Take the cut rice stems to the 
laboratory immediately, or put the stems in an ice chest 
with ice and take the ice chest to the laboratory as soon 
as possible. Cut all the leaves and the stem below the 
ultimate node off, but leave the upper part of the boot 
intact. Place the prepared boots into a 1000ml bottle 
containing 100 ml tap water. Put the bottle with the boots 
in a refrigerator at 4 C for 1 to 3 days.
(2) Sterilization:
Sterilize two 1000ml bottles each containg 700 ml tap 
water by autoclaving at 121 C for 20 min. (All the 
glassware, tools such as scissors and forceps, pipets, 
nylon meshes and filters etc., must be sterilized by 
autoclaving before using). Place the bottles in the hood. 
Before using the hood, turn the UV light on for at least
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30 minutes. When the temperature of the water is close to 
room temperature, add 320 ml chlorox into one bottle. 
Place the boots into the bottle. If there is still some 
empty space in the bottle, add sterilized water until the 
bottle is full. Close the cap tightly and leave the bottle 
in the hood for 20 minutes. Decant the chlorox solution 
completely. Rinse the boots with sterilized water once.
(3) Transfer of immature panicles:
Use autoclaved scissors and forceps to remove the 
panicles from the boot. Discard all panicles that are 
longer than 5 cm. Cut the panicle into 0.5 cm pieces and 
place each panicle in a petri dish containg 25 ml callus 
induction medium. Seal the plates with parafilm.
(4) Incubation:
The plates are incubated at 28 C in the dark for 
about 2 months.
2. Suspension culture:
(1) Development of nurse cell lines:
Transfer 150 mg of callus to a sterized 125 ml flask. 
Add 20ml liquid MR2 medium to each flask. Incubate the 
flasks on a gyrotary shaker set at 80 rpm at 27 C with a 
16 hour light period followed by an 8 hour dark each day. 
Each week, pour the solution from the flasks into a 50ml 
centrifuge tube, leave the large calli in the flask, and 
centrifuge at 1000 rpm for 2 minutes. Decant most of the 
supernatant and return the cells, cell clusters and about 
5 ml supernatant to the original flask containing the
205
large calli. Add 20 ml sterized medium into each flask. 
Every four weeks filter the suspension culture through a 
lOOOum nylon mesh. Centrifuge the filtrate in a sterile 
50ml centrifuge tube at 1000 rpm for 5 minutes. Decant the 
supernatant. Resuspend the pellet in 20 ml fresh medium in 
a new sterile 125 ml flask. Repeat this procedure until 
the suspended calli do not grow over 1 0 0 0  urn in diameter. 
This process usually will take about 4 months. From this 
point, subculturing is conducted by pipetting 4 ml of 
suspension to sterile 125ml flasks containg 2 0 ml medium. 
Select only the most rapidly growing cell lines during 
this period. After 6 months of culture in suspension, only 
about 2 ml of cell suspension is transferred for the weekly 
subculturing. Discard cell lines which do not grow rapidly 
in this system. These cell lines will lose the ability to 
regenerate plants.
(2) Development of cell lines for protoplast isolation:
Liquid MMS medium (Appendix 1) is used for culturing 
cell lines for isolation of protoplasts. For culturing 
Labelle, the procedures are basically the same as 
described above. Calli suspended for 4 to 8  months can be 
used for isolation of protoplasts. For culturing Taipei 
309, the procedures for developing a suspension culture in 
the first 2 months are the same as described above. After 
2 months, each week's subculturing is conducted by 
decanting most of the solution out of the flask, leaving 
the calli and about 5ml solution in the flask. Add 20 ml
t
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fresh medium into the flask using sterile technique. 
Filtration every four weeks is still carried out. Calli 
suspended two to eight months can be used for isolation of 
protoplasts.
3. Protoplast isolations
(1) Preparation of the enzvme mixture:
Dissolve 4 g callulase, 1 g pectinase in 100ml 0.4 M 
mannitol solution by stirring the solution for 30 minutes. 
Evenly divide the solution into two 50 ml centrifuge 
tubes. Spin at 3000 rpm for 10 minutes. Decant the 
supernatant from each tube into a 115 ml 0.2 um disposible 
filter apparatus. Sterilize the solution by passing it 
throught the filter by creating a vacuum with a vacuum 
pump.
(2) Preparation of calli for isolation of protoplasts:
Filter the suspension through a sterile 500um nylon 
mesh. The calli more than 500um in diameter are retained 
and used for isolation of protoplasts.
(3) Protoplast isolation:
Suspend 2 to 3 grams of fresh calli in 20ml of enzyme 
mixture in a 15X100mm sterile plastic petri dish. 
Incubate dishes in the dark at 32 C in an environment 
controlled rotary incubator at 30 rpm for about 3 hours. 
Check the solution in the petri dish under an inverted 
microscope to decide when to stop digestion. After 
incubation, add 25ml KMC solution (Appendix 2) to the 
enzyme mixture. Filter the solution first through a
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sterile 50 urn nylon mesh and then through a sterile 30um 
nylon mesh. Pipet the filtrate into a sterile 50ml 
centrifuge tube. Centrifuge the solution at 1000 rpm for 
10 minutes. Decant the supernatant. Resuspend the pelleted 
protoplasts in 15 ml KMC solution. Centrifuge the solution 
at 1000 rpm for 5 minutes. Decant the supernatant. 
Resuspend the pellet in 15 ml KMC solution. Centrifuge the 
solution at 1000 rpm for 5 minutes. Decant the 
supernatant.
(4) Plating of the protoplasts;
Resuspend the protoplast pellet in 5ml liquid 
protoplast culture medium. Pipette 50ul protoplast 
solution to check the concentration of the protoplasts on 
a hemocytometer. Adj ust the protoplast concentration to 
1X106 protoplasts/ml medium by adding more liquid 
protoplast culture medium to the tube. Predissolve the 
protoplast medium containing 2 .4% agarose by heating while 
stirring and then by autoclaving for 20 minutes (Usually 
200ml agarose medium is made in a 500ml bottle before the 
experiment). Keep the agarose medium in a water bath at 45 
to 50 C. Divide the protoplast solution into 15X100mm 
petri dishes with 4ml protoplast solution in each petri 
dish. Cover the whole bottom of the petri dish by slowly 
shaking the petri dish. Pipette 4ml of melten agarose 
medium into each petri dish containing protoplast 
solution. Mix the media immediately by slowly shaking the 
petri dish. Return the agarose medium to the water bath
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for 2 minutes before taking the medium out again. Repeat 
the steps until all the protoplast solutions are mixed 
with an equal volume of agarose medium. When pipetting the 
agarose medium, each pipette can only be used once.
(5) Culture of the protoplasts:
Cut the solidified agarose medium containing 
protoplasts in each petri dish into 16 blocks. The blocks
are then suspended in 2 0 ml liquid protoplast medium in
15X100mm sterile plastic petri dishes. Each dish should 
contains eight protoplast blocks. Add 0.3ml 3-day-old 
suspension of nurse cells into each petri dish. Incubate 
the protoplasts in the dark at 28 C in an environmental 
incubator gyrotary shaker at 30 rpm for 10 days. After 10 
days, wash the nurse cells from the agarose blocks in 30ml 
liquid protoplast medium twice and resuspended the blocks 
in 2 0 ml liquid protoplast culture medium in a new petri 
dish. Incubate the protoplas as before for 7 to 10 days. 
Transfer the protoplast blocks containing visible calli to 
a petri dish containing 20ml soft agarose medium (Appendix 
2). Four blocks are placed in each petri dish. Incubate
the protoplast-derived-calli in the dark at 28 C without
shaking.
(6 ) Plant regeneration from calli derived from 
protoplasts:
After 10 day's culture in the soft agarose medium, 
calli about 1  mm in diameter are transferred to a petri 
dish containing 25ml callus culture medium (Appendix 2).
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Evenly distribute 20 to 25 calli over the medium in each 
petri dish. Incubate the calli at 28 C in the dark. After 
2 to 3 weeks, transfer the calli to plates containing 25ml 
plant regeneration medium (Appendix 2). Evenly distribute 
20 calli over the medium in each petri dish. Incubate the
calli at 27 C under a 16 hour light - 8 hour dark regime.
After culturing for 3 weeks, transfer the calli with green 
spots to fresh plant regeneration medium, and culture the 
calli under the same condition. Subculture the calli every 
20 to 25 days until the regenerated seedlings are ready (2
to 3 inches tall with a good root system) to be
transferred to 
the greenhouse.
Appendix 4
PRELIMINARY STUDY ON THE EFFECT OF PROTOPLAST CULTURE ON 
SOMACLONAL VARIATION IN RICE
Summary
More than 2,000 plants regenerated from Taipei 309 
protoplasts were transplanted into pots in the greenhouse. 
Eight hundred and twenty plants regenerated from
protoplasts and 340 plants regenerated from cells and 
small cell clusters from suspension culture were evaluated 
in the greenhouse for variants with the characteristic of 
large seeds, long awns and a high level of sterility. This 
type of variation usually indicates mutations involved 
with changes in chromosome numbers (aneuploids or 
polyploids). More than 100 protoplast derived plants 
showed this variation with a variation frequency of 13.5%. 
Only one suspension derived plant showed this type of 
variation, giving a variation frequency of 0.3%. Four
hundred and ninety-seven R2 lines from R! plants
regenerated from rice protoplasts and 298 R2 lines from
suspension culture were evaluated in the field for
somaclonal variation. More than 6 8 % of the protoplast 
derived lines had the days-to-heading period significantly 
longer than those of the parent cultivar. Seventeen 
percent of the suspension culture derived lines showed the 
same variation. A variation frequency of 14% was observed 
for plant height from protoplast derived lines. The
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frequency of variation in plant height was only 2 % from 
suspension culture derived lines. Variation for dwarfing, 
awn production, leaf wither, plant type, glabrousness, 
genetic leaf spot, yellow leaf, and apiculus color were 
observed from lines regenerated from protoplasts. Lines 
regenerated from suspension culture varied for albinism. 
Based on the data from this experiment, somaclones 
regenerated from protoplast culture have a great potential 
for future mutation breeding proj ects.
INTRODUCTION
Recent development of efficient plant regeneration 
systems for rice protoplasts (1, 5, 6 , 12, 15, 16) has
provided plant pathologists with the potential for 
establishing an in vitro screening system for resistance 
to major rice diseases. Based on the preliminary results 
from the research of in vitro screening of rice 
protoplasts for disease resistance in our laboratory, the 
thousands of small calli derived from single cells in each 
agarose block are ideal for in vitro screening. However, 
the success of an in vitro screening procedure would rely 
heavily on the amount of variation occurring in culture. 
Genetic variation from rice somaculture has been 
documented by many researchers (3, 9, 13, 14, 17).
Protoclonal variation has also been reported for several 
crops (2, 4, 7, 8 , 10, 11) . However, knowledge of the
effect of rice protoplast culture on somaclonal variation
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in rice is still limited. The field performance of 125 R^ 
plants regenerated from protoplasts of four japonica 
cultivars was reported by Ogura et al. in 1987 (8 ).
Chromosomal variants and low fertility variants were 
observed in their experiment. Abdullah et al. (2) compared 
40 R 2 lines regenerated from Taipei 309 protoplasts with 
the parent cultivar for 13 quantitative characteristics. 
However, the overall effect of protoplast culture on 
somaclonal variation has yet to be investigated. A large 
number of green plants have recently been regenerated from 
protoplasts of the japonica cultivar Taipei 309 and the 
United States long-grain cultivar Labelle in our 
laboratory. The hundreds of protoplast derived lines from 
both cultivars and lines regenerated from suspension 
culture enable us to carry out research for evaluating the 
effect of protoplast culture on somaclonal variation. The 
preliminary results from Taipei 309 are reported in this 
appendix.
MATERIALS AMD METHODS 
Plantlets 2 to 3 inches tall regenerated from calli 
derived from either protoplasts or suspended calli of 
Taipei 309 were transferred to pots with a mixture of 1 
sand:2 soil:1 peat moss in the greenhouse. No quantitative 
characteristics were evaluated in this generation (R^ ) , 
due to the residual effects of culture. The number of 
variants with the large seed, long awns and high sterility
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characteristic were recorded. Seeds harvested from each R^ 
plant were dry-seeded in 5-foot single row plots as R2 
lines with a between row spacing of 10 inches. These plots 
were planted at the LSU Rice Research Station on May 13, 
1990. One parent cultivar row was planted as a control for 
every ten R 2 lines planted. Somaclonal variation for two 
quantitative characteristics, plant height and days-to- 
heading, and eight qualitative characteristics were 
recorded. For the quantitative characteristics, a line was 
considered to be mutated when the difference of the line 
and the nearby control was significant at the 1 % level or 
segregation was observed within the line for the 
characteristic.
RESULTS AND DISCUSSION
Based on the previous research carried out in our 
laboratory, Taipei 309 was a tissue culture stable 
cultivar, i.e., the variation frequency from somaclones 
regenerated from Taipei 309 was low. In this experiment, 
plants regenerated from protoplasts were compared with 
plants regenerated from suspended cells and small calli 
for a better understanding of the effect of protoplast 
culture on somaclonal variation. A comparison of the 
effects of protoplast culture and suspension culture on 
somaclonal variation in R^ plants for variation typical of 
chromosome changes is listed in Table 1. One hundred and 
eleven protoplast derived plants had the typical
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characteristics. This was 13.5% of the 820 plants 
evaluated. Only one plant out of 340 regenerated from 
suspended calli had the characteristics typical of 
chromosome changes. The variation frequency was less than 
1%. This suggested that protoplast culture caused more 
variation in chromosome number than suspension culture.
Four hundred and seventy-eight protoplast derived R 2 
lines and 293 suspended calli derived R 2 lines were 
evaluated in the field. The effect of protoplast culture 
on somaclonal variation for days-to-heading is shown in 
Table 2. The mean days-to-heading of somaclones 
regenerated from protoplasts was 1 1  days longer than that 
of the parent cultivar. The mean days-to-heading of 
somaclones from suspended calli was only 2 days longer 
than that of the parent cultivar. The magnitude of this 
increase was significant when the large number of lines is 
considered. The coefficient of variation (CV) was low, 
reflecting the high percentage of varied lines with 
chromosome changes occurring in 6 8 .6 % of the protoplast 
lines. The CV for measurements of variability among the 
suspension culture lines was slightly larger than the CV 
for the protoplast derived lines (Table 2) . The large 
difference in the mean number of days to heading between 
protoplast derived lines and the parent cultivar lines, 
the high variation frequency, and the relatively small 
variance among the lines suggested that protoplast culture 
had a general effect on somaclonal variation for days-to-
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heading. Most of the somaclones regenerated from 
protoplasts were affected more or less to the same degree 
by the protoplast culture procedures and needed more days 
to panicle emergence. The distributions of the lines for 
days-to-heading are listed in Table 3. The modes from rows 
of the parent cultivar and lines from suspension culture 
were almost the same. The mode of lines from protoplasts 
was 1 2  days later than that of the parent rows and 
suspension derived lines (Table 3).
The effect of protoplast culture on somaclonal 
variation for plant height is listed in Table 4. The mean 
plant height for both protoplast derived lines and 
suspension culture derived lines was reduced compared to 
the mean height of the parent cultivar (Table 4) . Lines 
from suspension culture had a mean plant height about 5 cm 
shorter than that of Taipei 309. Protoplast derived lines 
had a mean plant height about 15 cm shorter than Taipei 
309 and about 10 cm shorter than that of suspension 
culture derived lines. The CV was higher for protoplast 
lines than those of the parent cultivar and suspension 
derived lines showing that there was more among-line 
variation from protoplast culture than from suspension 
culture. The variation frequency of protoplast derived 
lines for plant height was 14%, while the variation 
frequency of suspension derived lines was only 2% (Table 
4). The distributions of the R 2 lines for plant height are 
listed in Table 5. The distribution of the protoplast
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derived lines was much wider than those of the parent 
cultivar and suspension culture derived lines. The 
shortest plant in protoplast derived lines was only about 
30 cm tall, less than 30% of the mean plant height of 
Taipei 309. Not much difference was observed between the 
distributions of the parent lines and suspension culture 
lines.
Among the R 2 lines, variation was observed for eight 
qualitative characteristics (Tables 6  and 7) . Only one 
kind of variation, albinism, was observed from suspension 
culture derived somaclones (Table 6 ) . Variations on the 
other seven characteristics occurred only within the 
protoplast derived somaclones, even though the variation 
frequency was low. One variant was glabrousness. The 
chance of variation from pubescence to glabrousness is 
slight. Thousands of somaclones from different cultivars 
have been evaluated in our laboratory and this was the 
first somaclonal line with glabrous leaves mutated from a 
cultivar with pubescent leaves.
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Table 1. The effect of rice protoplast culture phenotypic 
changes related to chromosome variation in the 
generation.
Number Number of Percentage
Culture of plants plants with of plants
method evaluated variation^/ with variation
Protoplast 820 1 1 1 13.5
Suspension 340 1 0.3
Variation typical of changes in chromosome number 
(ploidy) were large seed size, awn production, and 
sterility.
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Table 2. The effect of rice protoplast culture on 
somaclonal variation for days-to-heading.
Number of Mean Coefficient Lines
lines or days- of with
Culture cultivar rows to- Variation variation
method evaluated heading (%) (%)
Taipei 309 158 87.1 1.80 0
(cultivar control)
Protoplast 478 97.9 4.71 6 8 . 6
Suspension 293 89.9 5.46 16.7
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Table 3. The effect of protoplast culture on percent
distribution of R2 somaclonal lines for days-to-heading.
Culture Davs-to-headinq
method 80 8 6  92 98 104 110
Taipei 309 81.6 18.4
(cultivar control)
Protoplast 0.4 3.5 20.2 45.8
Suspension 3.0 41.9 35.9 16.4
Table 4. The effect of protoplast culture on somaclonal 
variation for plant height in Taipei 309.
Number of Mean Coefficient Number of
lines or plant of lines with
Culture cultivar rows height Variation variation
method evaluated (cm) (%) (%)
Taipei 309 158 105.8 5.72 0.0
(cultivar control)
Protoplast 487 91.1 11.31 14.0
Suspension 298 100.4 7.08 2.0
27.5 2.5
2.7
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Table 5. The effect of protoplast culture on percent
distribution of R2 lines for plant height.
Culture
method 30 40 50
Plant height (cm)
60 70 80 90 100 110 120
Taipei309 3.8 35.9 53.S
•VO
(cultivar control)
Protoplast 0.2 0.0 0.0 1.9 3.9 15.9 37.9 34.0 6.2
Suspension 2.3 18.4 47.8 28.8 2.7
Table 6 . The effect of protoplast culture on somaclonal 
variation frequencies of color characteristics.
Culture
method
Percent of Ro lines with mutation 
Albinism Yellow leaf Apiculus color
Protoplast
Suspension
0.00 0.83 0.21 
1.34 0.00 0.00
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Table 7. The effect of protoplast culture on somaclonal
variation frequencies for other mutated characteristics.
Percent of Ro lines with mutations
Culture
method
spot
Awns Wither^/ Plant Glabrous 
type
Genetic
leaf
Protoplast 0 . 2 1 0.42 1 . 0 0  0 . 2 1 0.63
Suspension 0 . 0 0 0 . 0 0 0 . 0 0  0 . 0 0 0 . 0 0
Term used to describe the characteristic where young 
plants suddenly blight and shrivel.
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